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GE Healthcare 


Get attached to illustra 
for faster nucleic acid 
sample prep. 


New illustra” nucleic acid sample prep kits from GE Healthcare give you optimal 
yield and purity. What's more, they do this in as little as half the time it takes 
the best competing products. Whether yau're purifying nucleic acids in plasmid, 
blood, tissue, cells or bacteria, you'll find that superior results ond outstanding 
Feproducibility come easily with illustra mini and midi kits 


With more than 20 years’ experience in nucleic acid research, we're bringing 
science to fe and helping transform healthcare We callt Life Science Re-imagined. 


wwwgelifesciences com/illustra 


Speed is crucial to the sundew plant's success. 
It reacts rapidly, bending its tentacles to bind its prey. 
‘Some species can do this in just tenths of a second. 
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EDUCATION FORUM: Empowering Green Chemists in Ethiopia 
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CELL BIOLOGY 
Sirtuin 2 Inhibitors Rescue c-Synuclein-Mediated Toxicity 
in Models of Parkinson's Disease 
TF. Outeiro etal. 
‘Av inhibitor ofa microtubule deacetylase can rescue dopamine-containing cells 
‘and Drosophila trom the toxicity of a protein aggregate associated with Parkinson's 
disease 
10,1126 /science.1143780 
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OCEAN SCIENCE 

Free-Drifting Icebergs: Hot Spots of Chemical and Biological Enrichment. 

‘in the Weddell Sea 

KL Smith Jr. et al. 

Trace elemens and on released from feeding Antarctic iceberg stimulate 

local productivity that enhances carbon sequesttion in the Southern Ocean 
10.1126science. 1142834 
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SSingle-Atom Single-Photon Quantum Interface 
T. Wilk, SC Webster, A Kuhn, G. Rempe 
A sequence of laser pulses targeted ona single atom trapped in a cavity can 
generate a source of entangled photon pairs. 

10.1 126/science,1143835, 
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Explaining the Relation Between Birth Order 

‘and Intelligence 

P. Kristensen and 7. Bjerkedat 

The tendency fr first-born children to have higher 10s can be 
‘explained by social interaction within the family rather than by 
biological ellecs in utero, >> Perspective 17 


RESEARCH ARTICLE 


GENETICS 
Genome Sequence of Aedes aegypti, a Major 
‘Arbovirus Vector 

V. Nene et al 

The genome of the mosquito that carries dengue and yellow fever 
consists of almost 50 percent transposable elements and over 15,000, 
protein-coding genes. estve p. 1703; Re 
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CHEMISTRY 
Do Vibrational Excitations of CHD, Preferentially 
Promote Reactivity Toward the Chlorine Atom? 
S.Yan, YT. Wu, 8. Zhang, X-F Yue, K. Liu 
Precisely controled moleculat colisian experiments unexpectedly 
‘eal that translational energy can promote reactivity a lfctvey 
as vibrational energy. >> Perspect 
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GEOCHEMISTRY 
The Structure of Ferrihydrite, a Nanocrystalline 
Material 

FM. Michel et al. 

Analysis of x-ray scattering data reveals the crystal structure 
of fesrinydrite, a ubiquitous nanometer-sized iron phase, 
‘and shows that it sa single compound, not a misture. 
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GEOPHYSICS 
Deformation of (Mg,Fe)SiO, Post-Perovskite 1729 
and D” Anisotropy 

5. Merkel etal 

Deformation ofa deep mantle mineral is accommodated 
‘predominately by stip along certain planes in the crystal, 

explaining selsmic signatures at the core mantle boundary. 


CLIMATE CHANGE 
Weak Northern and Strong Tropical Land Carbon 1732 
Uptake from Vertical Profiles of Atmospheric CO, 

B.B. Stephens etal 

‘Amaspheric modes that account forthe vertical distribution of 

O, inthe atmosphere imply that Northern Hemisphere ecosystems 
take up less carbon than previously thought. 

OCEAN SCIENCE 

Saturation of the Southern Ocean CO, Sink Dueto 1735 
Recent Climate Change 

C Le Queré et al. 

The amount of CO, taken up by the Southern Ocean, a major 

sink, has decreased since 1981, despite the continued increase 
inatmospheric CO, levels 

EVOLUTION 

Evolutionary Dynamics of mmune-Related Genes. 173) 
and Pathways in Disease-Vector Mosquitoes 

RM. Waterhouse et al. 

Comparison among the genomes of Dresophila and two mosquito 
species reveals that stages ofthe insect innate immune response 
evolved via distinct mechanisms and rates 

ECOLOGY 

Culling Prey Promotes Predator Recovery— 1 
Alternative States in a Whole-Lake Experiment 
Persson et a. 

collapsed freshwater fishery was shown to recover when a prey 
species was culled, causing itt go ito reproductive compensation 
and produce prey ofan edible size forthe predator. 
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Influence of Phylogeny on Fungal Community 1746 
Assembly and Ecosystem Functioning 

H, Maherali and J. N. Klironomes 

Communities of si tngi contain a larger numberof species 

and are more productive when the founding species ae more 
distantly elated 
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Nuclear Actin Regulates Dynamic Subcellular 1749 
Localization and Activity of the SRF Cofactor MAL 

‘MK Vartiainen, S. Guettle, 8. Larijani, R, Treisman 

In cultured cells, serum regulates the interaction of nuclear actin 
with a transcriptional coactivator, facilitating its nuclear transport 
and thus stimulating gene expression. i 
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Cell adhesion and membrane protrusion and tension, 
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Restriction of an Extinct Retrovirus by the Human 1756 
TRUS Antiviral Protein 

SoM. Kaiser HS. Malik M. Emerman 
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tay hve let ws more sensitive to HIV nection today. 
MOLECULAR BIOLOGY 

‘An Antifungal Agent inhibits an Aminoacyl-tRNA 1759 
‘Synthetase by Trapping tRNA in the Editing Site 

FL Rock etal 


‘Aboron-containing antifungal drug forms an adduct with oxygen 
‘atoms in the tRNA, inhibiting attachment ofthe amino acid to the 
{RNA and blocking protein synthest. 
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Oldest Panda Skull Discovered 
Finding sheds light on evolution of bamboo- eater. 
‘Middleman Fixes Center of the Earth 

New calculations track motion of planet's center of mass 
to within a milimeter per yer. 

‘My Brain Feels Your Pain 

Researchers probe a mysterious condition wherein people 
sense touch when they se others being touched 
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PERSPECTIVE: GPCRs Signaling Directly Through 
Sre-Family Kinases 

D. McGarrigle and X.-¥. Huang 

G protein-dependent and ~independent pathways couple 
Sevet-transmembrane receptors to nonreceptor tyrosine kinases. 
PROTOCOL: A Cell-Free Scintillation Proximity Assay 

for Studies on Lysosome to Phagosome Targeting 

V. Trivedi, S.C. Zhang, W. Stockinger, A. Nobturfft 

This method allows the detection of the interaction between 

‘wo different vesicular populations. 
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US: Working as a Medical Writer 
5. Webb 

‘Medical writers use their knowledge of science and their writing 
skills to communicate wih a wide range of constituencies, 
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Shake ‘Em Up Job Search 

D. Jensen 

You may need to bend or break afew rules to get the juices—and 
your job search—flowing. 

UK: Escaping the Postdoc 

A Swarup 

The UX. government, institutions, and postdocs are working to 
‘make the road to scientific independence smoother 

US: From the Archives—No More Boring Science 

Grant Doctor 

The National Science Foundation may be geting serious about 
funding riskier, and more exctng, science. 
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<< Toward Sustainable Fisheries 


The currently observed crisis of overcapacity, overfishing, and 
accompanying problems of habitat destruction and bycatch, lies in 
competition among fishers. Beddington et al. (p. 1713) review how 
sustainable fisheries can be achieved if management strategies are 
adopted that remove subsidies and give individual fishers a right to 
2 proportion of the total catch. By removing competition, fishers 
should then be prompted to act to sustain the entire fishery because, 
as the common fish stock improves, each individual's quota will 
increase. Persson et al. (p. 1743) studied fish stocks in Lake Takvatn 
in northern Norway, where a population of stunted Arctic charr of lit- 
tle worth to fisheries had replaced the mixed population of brown 
trout and char. Fifteen years after the removal of 31 metric tons of 
fish, the size distribution of charr had shifted into a new steady state, 
‘More small fry were produced that made better prey for trout, whose 
population then recovered, Thus, culling of larger, slowly reproduc 
ing prey, rather than reintroductions of mature predators, might be 


Effective Translation 


In large molecules, vibrational excitation of a 
particular bond often does not cause it to break 
because the spreading of vibrational energy 
across the entire framework is typically faster 
than bond-cleaving reactions. Smaller mole 
cules, such as di- and triatomics, that have 
fewer vibrational modes are more likely to 
cleave particular bonds through vibrational 
excitation, Yan et al. (p. 1723; see the Per 
spective by Crim) have discovered that, con 
trary to this paradigm, when CHO, collides 
with Clatoms to form CD, and HCl, transla 
tional energy promotes the reaction as effec 
tively as selective excitation of the C-H stretch 
vibration, The study relied on precise control 
of the gas-phase collision energies, and sug 
gests that even relatively small molecules 
have highly complex energy distri 

bution dynamics, 


Carbon Uptake 


Reconsidered 
Approximately half of the CO, emit 
ted by fossil fuel burning remains in 
the atmosphere; the rest is 
absorbed by the ocean or incorpo- 
tated by the tertestral biosphere in 
roughly equal measures. Two stud- 
ies reassess the uptake of CO, by these sinks 
(see the Perspective by Baker). In order to 
understand the relative role of efferent parts 
of the terrestrial biosphere as carbon sinks, 


waww.sciencemag.org 


global measurements of atmospheric CO, con 
centration must be interpreted by “inversion” 
models to determine how uptake, emission, and 
transport contribute to the seasonal and 
regional differences, Previous studies have sug 
gested that there must be a strong carbon sink 
in the Northern Hemisphere, and that the trop 
ics are a net carbon source, Stephens et al. 
{p. 1732) report that global vertical distribu 
tions of CO, in the atmosphere are not consis: 
tent with that interpretation but are more con 
sistent with modets that show a smaller North 
en Hemispheric carbon sink and possibly 
strong carbon uptake in the tropics. The rate of 
uptake of CO, depends on the difference 
between the partial pressure of CO, in the 
atmosphere and that which would exist if the 
‘ocean and the atmosphere were at equilibrium. 
Le Quéré et al. 
(p. 1735, published 
online 17 May) 
report that the rate 
‘of uptake by South 
ern Ocean, one of 
the most important 
CO, absorbing 
regions, has slowed 
relative to what 
would be expected 
based solely on 
how fast the con: 
centration of atmospheric CO, has risen since 
1981. They attribute this shortfall to an 
increase in windiness over the Southern Ocean 


that increases the outgassing of natural CO, 
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effective in reversing an apparently collapsed fish stock, 


The increased windiness has also been ascribed 
to human activity, and the authors predict that 
this relative trend will continue. 


Ferrihydrite Unfurled 

The iron oxyhydroxide compound ferrihydrite, 
which is found in a wide range of natural sed 
ments, is of interest for its effectiveness as a 
heavy metal scavenger in wastewater treat 
‘ment, as wel sits relation to biochemical iron 
sequestration motifs. However, its nanocrys: 
talline morphology has impeded efforts to 
determine its precise structure, Michel et al. 
(p. 1726; see the Perspective by Penn; pub- 
lished online 24 May) have modeled pair distri 
bution functions extracted from xray scattering 
data to obtain the lattice structure of the 
nanometer-scale particles. Their analysis sup: 
ports a single hexagonal phase, with 80% of 
the iron ions occupying octahedral coordina: 
tion sites in the ideal lattice. 


Tropical Disease 
Vector Genome 


The mosquito Aedes aegypti is responsible for 
the transmission of dengue and yellow fever, 
which together affect more than 50 million 
people each year. Nene et al. (p. 1718, see the 
cover and see the Perspective by Chadee et al.) 
present the genome sequence for Ae. aegypti 
which reveals extensive gene conservation with 
the malaria vector mosquito, Anopheles gambiae. 
Continued on page 1667 
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‘As tepresentatives of the two major mosquito subfamilies, the differences observed should underlie 
inherent biological traits including blood-feeding preferences, host-seeking behavior, and the abil 
ity to transmit specific pathogens. Waterhouse et af. (p. 1738) examined the evolution of innate 
immunity by comparing the genome of Ae. aegypti with the malaria mosquito, An. gambiae, and 
the fruit fly, Drosophita melanogaster, which represents a genetic outgroup. Different phases of 
immune signating (recognition, modulation, signal transduction, transcriptional activation, and 
efector production) revealed different evolutionary dynamics 


In Support of Darwin 

Darwin suggested that closely related species are less likely to coexist in communities because of 
shared resource requirements Using a model plant-mycorthizal system, Maherali and Klironomos 
{p. 1746) examined the effect of phylogenetic relatedness of mycorrhizae on roots of Plantago on the 
Species richness that persisted 1 yar afte inoculation, on mycorthizal production, and on productv 
ity of the host plant. As predicted, community biodiversity was greatest when fungal species were 
more distantly related. Moreover, these species-rich communities had higher productivity than 
species-poor communities consisting of closely related taxa. 


Boron Boost to ss 2 
Antifungal Agents 


Transfer RNAs (tRNAs) recognize the genetic code represented in 
messenger RNAS, with tRNAS specific for each different codon. Each 
{RNA is charged with the correct amino acid by a cognate aminoacyl ; 


URNA synthetase (AARS). Because the accuracy of this reaction is 
vital in maintaining the fidelity of the genetic code many 
‘ARS have evolved the ability to hydrolyze tRNAs A 


aminoacylated withthe incorrect amino acid, so-called = “$F w 


“editing.” Rock et al. (p. 1759) show that a benzoxabo 
role antifungal drug can inhibit yeast LeuRS by interfer 
ing specifically withthe editing reaction. The boron 
atom in the oxaborole ring is critical for this effec, sug 
esting that incorporating boron into small molecule 


antifungals may lead to the production of additional Ke 
classes of therapeutic agents 


Actin to Safeguard Transcription 


Besides its well-characterized function as a cytoskeletal component, actin has emerged as a regulator 
of nuclear processes, including transcription. MAL, a coactivator of the transcription factor serum 
response factor (SRF), directly binds to and senses cellular levels of monomeric G-actin. MAL 
responds fo serum-induced depletion of cellular G-actin with nuclear accumulation and SRF act 
vation, Vartiainen et al. (p. 1749; see the Perspective by Wu and Crabtree) report that MAL rapidly 
shuttles between the nucleus and cytoplasm in resting cells. Actin binding in the nucleus targets MAL 
for efficient nuclear export and, furthermore, prevents activation of SRF during the short time that 
[MAL spends in the nucleus. When growth factor stimulation interferes with actin binding, this lock on 
[MAL activity is released 


Resurrecting Infections Past 
Our genomes contain endogenous retroviruses that can be regarded as an archaeological record of 
past infections. Kaiser et al. (p. 1756) undertook a genetic excavation to explore why chimpanzee 
and gorilla genomes, but not those of humans, contain hundreds of copies of a particular endo: 
genous retrovirus. They revived the virus’s core protein from the chimp genome and found that 
2 infection of cells with chimeric viruses containing this protein could be inhibited by the human 
antiviral factor, TRIMScz. However, the same protein had relatively poor activity against human 
immunodeficiency vitus type 1 (HIV-1), contrasting with the efficiency primate TRIMSc. against 
& both viruses. It seems that by acquiring resistance to one ancient virus, humans became more sus- 
5 ceptible to HIV-1. 
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Donald Kennedy is 
Editorin-Chiel of Science. 


Fixing the Drug Laws 


THE PHARMACEUTICAL BUSINESS IS A MULTINATIONAL ENTERPRISE OF GREAT SIGNIFICANCE 
tohuman health. The US. Foodand Drug Administration (FDA), once called the world standard 
in regulating new drug approvals, may still deserve that status. But, as was described earlier in 
this space, public confidence in the agency has been shaken. That's why it's important that we 
restore the FDA\s capacity to do the quality of work that all health care systems require. 

The immediate opportunity to fix things up lies with Congress. A bill authored by Senator 
Edward Kennedy has passed the Senate. Last month, three former FDA commissioners (myself 
included) testified before Rep. Henry Waxman’s House Oversight Committee and called for 
stronger budget support, noted problems with the “user fees” mandated by earlier legislation, 
and cited the growing rate of antibiotic resistance, We also pleaded for improved monitoring of 
the safety of marketed drugs, already a troubling source of public concern. 

With respect to the last of these, the problem is that the United States lacks a 
system that is adequately tuned to detect adverse reactions, That measure requires a 
numerator and a denominator: the number of reported adverse events divided by the 
number of prescriptions issued. The FDA knows neither, Event reportin 
voluntary, yielding a record of dubious reliability, and there's no national prescription 
record. That's why the FDA had to use Kaiser, a large health maintenance 
‘organization, to find an adequate database for evaluating the safety of Vioxx. 

Information about all clinical trials reviewed by the FDA should be made 
publicly available at the FDA's Web site and also be linked to the National Institutes. 

‘of Health's Web site, Clinical Trials gov. Why? Recently, a Cleveland Clinic cardiol- 

‘gist analyzed trials conducted on GlaxoSmithK line's diabetic drug Avandia, His 
meta-analysis revealed cardiovascular risks that had been hinted at in earlier 
published trials but were not statistically significant in any one trial. The study, 
published in the New England Journal of Medicine. iMustrates the difficulty of finding 
important trial data. The joumnal has since been attacked by the company, some physicians, 
and an unfortunate editorial in the Lancet, but it deserves praise instead, 

‘On antibiotic resistance, a new report from Resources for the Future (RFF) entitled “Extending 
the Cure” lays out the contemporary hazards. Methicillin-resistant Staphylococcus aureus 
(MRSA) and vancomyein-resistant enterococci are widespread in hospitals. The RFF authors note 
that deaths from the 1918 influenza epidemic were largely from untreated infections—a chilling 
prospect as we await possible repetition of such an epidemic. The new legislation should provide 
Positive incentives for drug companies to develop new antibiotics, but physicians also need to 
recognize that their own prescribing behavior exacts external costs on the health care system, 

Merely applying policy fixes for these deficiencies can’t solve the biggest FDA problem. Its 
about resources. Consider: In 2003, the first fiscal year after 9/11, the FDA's budget benefited 
from the Department of Homeland Security. That year's budget would have grown to $1.924 
billion in 2007, had it received annua of 5.8% to meet the real costs of inflation. 
Instead, what the FDA actually got was $ 1.558 billion, 20% below the agency's needs, In its next 
budget, the FDA needs S2 billion in appropriated funds even to stay level with 2003. 

The 1997 legislation mandating user fees got the agency more money. but generated 
public doubt about the FDA relationship with industry. The House could pay more attention 
than the Senate to another problem: User fees can be applied only to the drug approval 
process. where the new appointments exact costs from the rest of the FDA. Not only are those 
fees unavailable for drug safety monitoring, they can’t be applied to food s: yer (think 
of Escherichia coli in spinach and tainted meat). 

Beyond addressing the FDA’s funding deficit through appropriations rather than user fees, 
the House should make “orphan drug” provisions clearly available for developers of new 
drugs that confront antibiotic resistance. Its bill should be firm about requiring public 
availability of all clinical trial results and include muscular provisions for monitoring drug 
ins required reports of adverse drug reactions and 
provisions for a national prescription audit. The latter may be politically naive, but why take 
essential needs off the table because they may not be politically popu 


—Donald Kennedy 
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Despite the accumulated evidence that rapid climate change has deleterious effects on a broad range of animal 
Populations, there are few data indicating how these effects are mediated. Biro et al. conducted a field exper 
ment by stocking nine small lakes in British Columbia with trout in the warm summer of 1998 and in the cool sum- 
mer of 1999, They found that water temperatures above 17.5°C increase the metabolic rate of young rainbow 
‘rout, 50 in order to maintain their rate of growth, the young fish compensate by feeding more actively, It became 
apparent that the increased feeding activity increased the young trout's visibility to predators (usually adult 
{trout), such that the survival of the young in a warm year was only half that in a cooler year. Hence, the small 
increases in water temperature (of just a few degrees) caused by climate change will substantially reduce the 


survival of lake trout populations for which escape by migration is not possible. — CA 
Proc. Not Acad. Sci. U.S.A. 104, 9715 (2007). 


CHEMISTRY 
Droplets Hanging Around 


Microdroplets of common liquids deposited on 
surfaces typically evaporate in minutes ifthe sur 
rounding ambient is not saturated in the corre 
sponding vapor phase. Cheng et al. observed 
that microdroplets of 1-propanol and water in a 
3-t0-2 volume ratio showed remarkable stability 
when deposited on 1-decanethiolate monolayers 
self-assembled on gold surfaces. Alter initially 
‘undergoing evaporation toa volume of 0.2 wl 
these microdroplets could persist for up to S 
hours. Variation of the volume ratio or deposi: 
tion on substrates such as glass or polycarbonate 
{ed to rapid evaporation. The authors propose 
that the unusual stability results from the more 
volatile alcohol segregating to the bottom of the 
‘microdroplet near the hydrophobic atky chains, 
and the outer water-rich layer deriving stability 
{rom formation of a maximally hydrogen-bonded 
‘network, — POS 

1. Phys. Chem. 8 122, 10.1021/7069063t (2007) 


BIOCHEMISTRY 
Bacterial Drug Design 


The most effective weapons for fighting bacterial 
infections are those that bacteria use against 
each other. One tactic for combating the spread 
of drug-resistant strains isto use multiple drugs, 
such as the combination of dalfopristn (a type A 


streptogramin) and quinupristin (a type B strep 
togramin). The former blocks an early step in 
ribosomal protein synthesis, whereas the latter 
blocks a late step. 

Korczynska et al. describe the crystal structure 
of virginiamycin B lyase (Vob) in complex with 
uinupristin fortuitously, a chock of dalfopristin 
immobitizes two Vgb molecules in the crystal, but 
this interaction is without an in vivo correlate). 
gb inactivates the cyclic peptide antibiotic by 
catalyzing a linearization, and structure-based 
‘mutagenesis supports the mechanistic proposal 
that ring opening occurs not via hydrolysis of an 
ester but by means of a C-0 lyase 
teaction. The detailed view 
of quinuprstin binding 
toVob is consistent 
with its versatility in 
detoxifying natural 
and semisynthetic 
type B strep: 
togramins—the 
known modifica 
tions all point into 
the solvent and away 
{rom the active site. A 
comparison of this com: 
plex with that of quinupristin bound to the 505 
ribosomal subunit may guide design efforts 
aimed at reducing its affinity for Vab without 
lessening its ardor forthe ribosome. —G]C 

Proc. Natl Acod. Sc. USA 104, 10388 (2007). 


The structure of Vab. 


CLIMATE SCIENCE 
Early Reversals 


‘Over the Pleistocene epoch, sea level was more 
than 100 m lower during some glacial periods 
than it is now; even within cold intervals, it may 
have varied by tens of meters. During the last 
interglacial, global average temperatures were 
near where they are expected to be in the com 
ing century, and sea level was 4 to 6 m higher. 
Thus, conditions in that period seem relevant to 
‘our near future, Recently compiled evidence 
suggests that sea levels fluctuated by as much as 
3010 40 m during the beginning of that warm 
interval, but the large changes inferred 
have been controversial due to a 
lack of corroborating records. 
Andrews et al. have confirmed the 
variability using deposits that 
record the relative elevations of the 
Greek shoreline. By precisely 
determining the sample ages via 
UTI dating, they found that sea 
level twice dropped precipitously 
between 136,000 and 135,000 years, 
‘ago, near the end of deglaciation, an observa 
tion that supports earlier findings from the Red 
Sea and from Papua, New Guinea. Their results 
also help to constrain the timing of sea-level rise 
during the penultimate deglaciation. —H]S 
orth Plane. Sc, Lett. 10.1016/,ps.2007.05.005, 
(2007. 


(REDITS(10° TO BOTTOME BRO KORCEYRSKA ETAL. PROC NATL ACAD. C1 USA 104 e061 2007) 
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A Chain to Break Nitrogen 


‘Synthetic chemists continue to puzzle over how 
bacteria manage the feat of reducing triply 
bonded nitrogen to ammonia without the help of 
extreme temperatures or pressures, Among the 
clues teased out of nitrogenase enzyme studies is 
the possible involvement of paramagnetic iron 
hydride centers. However, low-valent iron model 
‘compounds tend to be diamag: 
netic, Sadique et al. have 
applied a sterically bulky 
Beatiketiminate ligand 
(W that, despite diffe: 
ing structurally from 
the sulfur ligands in 
the enzyme, does coor 
dinatively stabilize high 
spin Feil) hydrides, More 
cover, lke nitrogenase, the result 
ing model complexes can fully cleave an 
NeN double bond. Through a series of careful 
experiments, the authors explored the mecha 
nism whereby two of these paramagnetic LFe-H 
centers split azobenzene (PhNNPh) to yield 
LFeNHPh complexes. They showed frst that reac 
tion with excess azobenzene leads to an isolable 
intermediate, LFeN(PhINHPh (shown above), 
\which on heating is transformed into LFeNHPh 
and half an equivalent of azobenzene. Kinetic 
studies on this latter step reveated it to be fist 
‘order in iron, after an induction period, which 
tuled out a bimolecular pericyclic rearrangement 
to the products. Moreover, the intetmediacy of 
LFe:H (stemming from f-hydride elimination) 
was inconsistent with trapping studies, The data 


“Stke 


www.stke.org 


EDITORS’CHOICE 


‘were most consistent with a radical chain mecha- 
nism initiated by homolytic dissociation to LFe 
and PhNNHPh, a hypothesis supported by disap: 
pearance of the induction period on addition of 
the Fett) complex KILFeCl] to the reaction mix 
ture. The results argue for deeper consideration 
of single-electron chemistry in probing the 
enzyme mechanism, — SY 

J. Am. Chem. Soc. 229, 10.1021/3069199r (2007) 


cenerics 
Finding Bigfoot 


The presence of conserved noncoding regions 
in genomes isa footprint that points to the 
likely existence of conserved modes of gene 
regulation. In plants, there appear to be fener 
conserved noncoding sequences than in ani 
mals; because they are shorter, they are harder 
to find. Freeling et al. examined the genome of 
‘Arabidopsis, which underwent a duplication of 
its genome (the cx event in its recent history, in 
‘order to identify noncoding sequences that bor 
der genes and that have been retained, Large 
regions, relatively rich in conserved noncoding 
sequences (such as the G-box CACGTG), were 
designated Bigfoot and were often associated 
with transcription factor binding motifs. 
‘Smaller regions of noncoding sequences were 
also identified (and dubbed Smallfoot) and 
were often linked to components of signal 
transduction pathiays. Few of these noncoding 
sequences were identified outside of paralo: 
gous genes, suggesting that the regulatory 
regions of other genes are less conserved or 
may evolve at a rapid rate. — MZ 

Plant Cell 19, 10.1205/tp¢-107.050819 (2007), 


<< Dendrites Are Only a CLICK Away 


From one side of the neuronal cell body an axon emerges; from the 
other, a branched dendritic tree. These processes are crucial for the abil- 
ty of a neuron to receive and transmit electrochemical signals via 
synapses, Neuronal activity is important in driving dendrite outgrowth, 
‘but the intermediary players are not well understood. Because neuronal 


activity increases intracellular Ca?* concentration, roles for members of the family of Ca?*/calmod- 
ulin-dependent protein kinases (CaMKs) have been investigated. Takemoto-Kimura et al. have 
looked at CLICKIII (also known as CaMKly or CL3). They found that CL3 undergoes sequential lipid 
modifications of its C-terminal tail: prenylation, which anchors CL3 to the plasma membrane, 
followed by palmitoylation. Lipid fractionation experiments then showed that prenylated and palmi- 
toylated CL3 was predominantly associated with lipid raft microdomains in the plasma membrane, 
and most ofthe lipid raft-localized CL3 was found in the proximal dendrites. Studies of rat emby- 
‘onic neurons revealed that total dendrite length was enhanced by overexpression of wild-type but 
not kinase-deficient CL3, and knockdown of CL3 resulted in fewer and shorter dendrites. Lipid 
‘alt-localized CL3 in dendrites activated the Rho GTPase family member Rac, leading to rearrange- 
iment ofthe actin cytoskeleton of the growing dendrite. Together these data suggest that CL3 isa key 
factor in transducing Ca’ transients into signals responsible for dendrite outgrowth. — ]FF 
‘Neuron 54, 755 (2007), 


waww.sciencemag.org 
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Crumpling: 
A New Wrinkle 


Colleagues of Marcelo A. F. Gomes, a physicist at 
the Federal University of Pernambuco in Recife, 
Brazil, can fairly accuse him of skimming the 
‘ream off the top in his research, In. an unusual 
‘experiment, Gomes and his team have studied 


Crumpled’ream, 


how films of cream that form on heated milk 
‘crumple when they are hoisted from the liquid 
and set down on a glass plat. 

Even as a child, Gomes says, he was fasci 
nated by the films on his café au lait, which 
‘would crumple whenever he tried to pluck 
them off, Others have studied how paper and 
polymer sheets crumple, Gomes says, but 
‘ream is diferent: The film fs so flimsy it will, 
wad up under its own weight. 

The wads are neither two-dimensional 
sheets nor three-dimensional solids. By meas 
tring them and peering inside with nuclear 
magnetic resonance, the researchers found 
that the wads have a “fractal” dimension of 
about 2.5, as they report in the 21 June issue 


of the Journal of Physics O. Because that 
dimension is the same as that for crumpled 
paper, the experiment shows that what mat 
ters is not how you squash the wads but how 
their creases and crinkles fit together, says 
Salraoui Chaieb, a physicist at the 
University of Minois, Urbana-Champaign: 
“W’sall geometry.” 


Standardizing 
Stem Cells 


‘Stem cell researchers from around the world 
have taken a big step toward imposing 
‘order on the rapidly spreading landscape of 
human embryonic stem cell research. In the 
current issue of Noture Biotechnology, 
researchers from 17 labs in 11 countries 
report that they now have comparable data 
‘on 59 cell lines. 

The study is part of the International Stem 
Cell Initiative, headed by Peter Andrews of the 
University of Sheffield, U.K. “The object was 
to get everyone to grow cells in as standard 
conditions as we could,” says Andrews. 

In phase 2 ofthe initiative, scientists will 
compare various media for growing cel tines 
and will analyze gene changes over time 
particularly relevant fr the tines approved for 
U,S-funded researchers, which are the oldest 
of the lot. A registry, with recipes to enable 
researchers to obtain comparable data from 
new cel Lines, will be maintained atthe Web 
site ofthe International Stem Cell Forum, the 
U.K.-based group that is funding the studies 


Dino Death Throes>> 


‘Many fossilized dinosaurs are found in a dramatic death pose: wide-open 
‘mouth, thrown-back head, tal twisted over the body. Most scientists 


cane and the social issues they raise. 
paleontologists Kevin Padian of the University of California, Berkeley, 3 The site from the New York University 
‘and Cynthia Marshall Faux of the Museum of the Rockies in Bozeman, J \= ‘School of Medicine catalogs hundreds of 


Montana, believe itrelets death toe frm centr newvous-sy- | 


hhave assumed that the posture is caused by events after death, But 


tem trauma, 
“lost traditional interpretations 


authors say. They reached that conclusion after monitoring newty dead birds 
to see the effects of rigor mortis. They also dried red-tailed hawks for months 
as their muscles and ligaments shriveled up. In neither case did the pose 


develop, the authors report in the current (March) issue of Paleobiology. 
Rather, they suggest other causes such as poisoning or suffocation. They 


te ele pote’—screste SY 
effects of drying muscles or water currents—“explain few or no.cases,” the = - 


Archaeopteryx. 


Point out that the death pose has been found in dinasaur and bird fossit in northeastern 
China's Jehol biota, where animals might have been asphyxiated by volcanic gases. 

“Lam pleased to see experimental support brought to bear on this question,” says pale 
‘objologist Matthew Carrano of the Smithsonian Institution in Washington, D.C. "don’t 
think every dinosaur in this pose will necessarily have died in this manner, but now] we 
have more possible explanations to choose from.” 
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From sickly Tiny Tim in Charles 

Dickens's A Christmas Carol to 

the disfigured character in 

the movie The Elephant Man, ill- 

ness and its consequences have preoccu- 
pied writers, painters, and filmmakers 
The Literature, Arts, and Medicine 
Database aims to help students use these 
works to understand disease, health care, 


films, paintings, novels, and other titles 
with medical connections. Tuberculosis, 
AIDS, and mental iliness have drawn plenty 
of interest over the years; diabetes and 
arthritis, much less. Commentaries by 
‘quest scholars elucidate works such as 
Vincent van Gogh's painting of the mental 
asylum where he spent much of his final 
year of life (above). The barren hallway— 
the only figure is fleeing—reflects his 
isolation during his illness. >> 


titmed.med.nyu.edu 
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Science 


CAMPAIGNS 
DONE WITH THIS. The head of the soon-to- 
close Savannah River Ecology Laboratory 
(SREL) is making a last-ditch attempt to 
save the lab by resigning. Paul Bertsch hopes 
that his departure will help persuade the 
lab’s sponsor, 
the Department 
of Energy (DOE), 
to reconsider its 
decision to turn 
off funding for the 
University of Georgia 
(UGA)-run lab at 
the end of the month 
(Science, 18 May, 
. 969). 

i "The quest for 

truth and justice 

often comes at a price,” Bertsch wrote 
staffers last week, after a month of phone 
calls and public bashing of both the federal 
agency and the university, which could also 
bail the lab out. He says he wasn’t asked to 
leave. SREL population ecologist David Scott 
says he and his colleagues think Bertsch did 
the best he could. "He's been kept out of the 
loop,” Scott says. 

Bertsch, a tenured UGA biogeochemist, 
would like to return to his onsite work in 
radionuclide transport and nanoparticles, 
“providing SREL is here.” He says he’s heart- 
ened by a congressional inquiry into the 
matter and positive responses by agencies 


Got a tip for this page? E-mail peopleg@aaas.orq 


I NEWSMAKERS 


EDITED BY YUDHIJIT BHATTACHARJEE 


THE WIZARD. Don Herbert, who died 12 June at age 89, never got to 
put “Dr” in front of his name. Nonetheless, he helped jump-start 
thousands of careers in science as television's Mr. Wizard, reaching a 
in the 1950s with his own show and 


national audience startin, 


appearances on other pro 
DEATHS _ tiv, books, and magazines, 
Herbert prepared, in a way, for doing science 

on live TV by majoring 
performin 
whether he and his child guest were using atmospheric pressure to 
the speed of a cockroach, or finding all the types 
of energy ina Rube Goldberg contraption, 

was awed by hint” says chemistry educator Bassam Shakhashir of 
the University of Wisconsin, Madison, who first saw Hach Me Wizard 
‘when be arrived inthe United States from Lebanon 


ns as well as through, 


ish and general science in college and. 
ie, His mastery of the medium was evident 


rush a can, timi 


sa college student 
“It came across that he was himself learning and enjoying it, He's had a 
ing effect on kids ofall ages: 


including the National Nuclear Security failure. The new ruling is based on work by 
‘Administration to funding requests by three pathologists in the United Kingdom, 
SREL researchers. South Africa, and Canada, 

“There was no evidence to support 
IN THE NEWS manual strangulation,” says Michael 
NO FOUL PLAY. When Pakistan's cricket Pollanen, chief forensic pathologist for 
‘coach, Bob Woolmer, was found dead in his Ontario, who reviewed the autopsy report, 


hotel room in Jamaica during the World Cup _| digital images of the body, and other 
in March, a government pathologist concluded | evidence. The bruising on Woolmer's neck, 
that he had been strangled. The subsequent | initially seen as evidence of foul play, is a 
investigation put several Pakistani cricket stars | “mimic of strangulation” and most likely 
under the scanner. Now Jamaican authorities | occurred during the autopsy, Pollanen says. 
say that the pathologist who conducted the Sheshiah, however, is standing by his 
‘autopsy, Ere Sheshiah, was mistaken and that | report that the coach was murdered, according 
‘Woolmer died of natural causes, possibly heart | to his comments in the Jamaica Observer. 


> 


Awards >> 


FAULTFINDING. Over several decades, geophysicist Hiroo Kanamori 
has plowed through reams of analog earthquake data to clarify the 
basic fault-rupture processes of big earthquakes. What he found led to 
the development of countermeasures that mitigate earthquake dam- 
age, Last week, his efforts were rewarded with one of three Kyoto Prizes. 
awarded by Japan's Inamori Foundation. 

“Ladmire his courage in working on complicated problems,” says 
Robert Geller, a geophysicist at the University of Tokyo who first met 
Kanamori as an undergraduate in the early 1970s at the California 
Institute of Technology in Pasadena, where Kanamori is now a professor emeritus. Although 
theories and methods existed to analyze the analog records of big earthquakes, Geller says, 
researchers shied away from the nitty-oritty work. “Hiroo rolled up his sleeves and got to work.” 

Other Kyoto Prizes this year went to Hiroo Inokuchi, a professor emeritus atthe University of 
Tokyo, for his pioneering research on organic materials that paved the way for organic molecu- 
lar electronics, and to German choreographer Pina Bausch, for exploring “the fundamental 
motives of human action.” Each laureate receives a gold medal and $410,000. 
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Illegal loot. High prices for 
‘elephant ivory have fueled a 
‘new surge in poaching. These 
tusks were siege: SS = 


ENDANGERED SPECIES 


Elephants Take Center Ring at CITES 


Aftica’s elephants won a 9-year reprieve atthe 1989, ithas since agreed to list elephant popu- 
recent meeting of the Convention on Interna- lations in South Africa, Botswana, Namibia, 
tional Trade in Endangered Species of Wild and Zimbabwe on Appendix Il, permittin 
Fauna and Flora (CITES). Delegates from controlled sales of tusks collected from ek 
171 nations at the 2-week conference in The 
Hague, the Netherlands, dealt with trad 
affecting a host of species, includi 


nts that died of natural causes or in cull 


issues operations and from poaching seizures, In 


for the pause in this trade, which 


corals exch 
ers.and Ken) 


(see sidebar, below), thinoceroses, ti ind Mali insisted on, the de 
leopards, But noth 
debate over elephants and their ivory. which ivory from stockpiles registered with their 


wemmentsas of 31 January 2007, 


permits 
Scontentiousasthe the four southern African states to sell raw 


began the first day and was settled the day respective 
before the meeting Sclose—and thenonly after Th c has not yet been determined, 
several cabinet-level ministers from the key although estimates are between 100 

Aftican countries tok overthe reins from their 200 metric tons. Thisivory will be added t 
delegates. I'sthe firsttimeata CITES mecting additional 60 metric tons from South Africa 
that such political muse! 


exactton 


has been used to —_ Botswana, and Ni 
hammer out an azreement approved for a one 
Although CITES banned the ivory trade in CITES-approved cou 


ry for the ivory trade, 


National medal 


based on its import controls, although China is 
lobbying hard to be similarly recognized. All 


proceeds from the sales must be used for ele- 
pant and community-based conservation 
“Some eall this a win-win,” says Will 
Travers, president of the Species Survival 
Network in Washington, D.C, "But the true test 
will come with what happens to elephants on 
the ground.” Adds Michael Wamithi a wildlife 
biologist from the International Fund for Ani 
mal Welfare in Nairobi, Kenya, and former 
director ofthe Kenya Wildlife Service: “These 
two sales will put ah 


amount of ivory into 


the Japanese market, igniting a high demand 
forivory, which the legal market will be unable 
to sustain, That means more poaching.” 


Indeed, poaching and illegal ivory trade 
are already on the rise, say several 
wrehers, basing thi ‘on what they 


see on the ground and the inerea 


sing tonnage 
of confiscated illegal ivory. " 


in ivory stimulates a 


asserts Iain Doughas-Hamitton, an elephant 
researcher in Kenya with Save the Elephants, 
Following the 1989 ban on trading ivory, 


poaching “stopped overnight.” It quickly 
resumed, he and others say, when CITES 
agreed in 1997 to permit Botswana, Namibia, 
and Zimbabwe to sell $0 metric tons. 

But Tom Milliken, director of Traffic, the 
World Conservation Union's IUCN’) wildlife 
monitoring network, disputes the idea that the 
legal trade leads to poaching. “From 1999 10 
2004, there was a downward trend in illegal 
ivory seizures.” he says, drawing on the data 
from UCN’ Elephant Trade Information Sys 
tem. But the trend shot upward. Twenty-five 
thousand kilograms of ivory were seized 
beginning in August 2005, That's more ivory 
than was seized in the previous 3 years com- 
bined, triggered, researchers say, by a surge > 


CORALS: SUFFERING FROM WHIPLASH __ te Apendixt isting was intended to correct. “These animals are sitting 


dducks on the sea floor,” fumes Elliott Norse, president of the Marine Con 
‘Whata difference 48 hours makes: On 13 June, delegates to the Conven- servation Biology Institute in Bellevue, Washington, one of many out 


tion on Intemational Trade in Endangered Species voted to list all species raged scientists, Norse compares the trawling method of harvest 


ig corals 


in the genus Corallium (pink and red corals) in Appendix I, which limits to “clear-cutting aforest as a way toget a couple of ginseng plants.” Stud 
trade, But on 15 June, after the conference was scheduled to end, they _ ies indicate that coral populations never fully recover from the trawling 


voted by secret ballot to reverse that decision, leaving the jewel-like After several delegates had left for home, Tunisia, Algeria, and 
colonies to the mercy ofthe coral hunters who scrape the sea floor with  Morocco—all coral-exporting countries—moved to reopen the debate 
heavy trawlers for their prey. and called for the secret ballot. This time, the resolution to protect the 


Red corals are one of the most valuable wildlife commodities, with a Corallium failed to gain the necessary two-thirds majority. “Obviously, 
finished necklace costing $20,000 or more. Over the past 2 decades, red there's something wrong with an organization that makes a decision and 
coral harvests have dropped by 90% because of overcollecting, aproblem then unmakes it—after the meeting is over,” says Norse “vm. 
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inthe price, which is now roughly 
soaring demand for ivory in China and Japan: 
lack of law enforcement; and the involvement 
of organized erime. 

Legal sales provide cover for the illicit 
trade, argue Douglas-Hamilton and Samuel 
‘Wasser. conservation geneticist at the Uni 
versity of Washington, Seatt 
the ivory leaves Africa there are no controls to 
prevent it from being sold as “legal” ivory. It 
\was also almost impossible to pinpoint where 
it came from, “It was like a black box, but 
‘we've finally pried itopen.” says Wasser, refer~ 
(0 the DNA fingerprinting technique he's 
trace illegal ivory back to its 
iin. 
ast year, Wasser used this tool to track 
531 tusks seized in Singapore, and represent- 
ing about 1000 elephants, to Zambia, Zambis 
hhas not been authorized by CITES to trade 


because after 


developed 
country of e 


CLINICAL RESEARCH 


ivory. “This is just the 
Wasser, noting that law 
estimate that only 10% of illegal ivory ship- 
ments are intercepted. Based on his calcul 
tions, ivory from 37,700 elephants is now 
the market illegally each year. “The 
worse than in the late 1970s," he 
says, when there were roughly 1.3 million el 
phants in Africa. Poaching reduced that nun 
‘ber to 600,000 by 1989 when the full ivary ban 
‘was enacted. “Today, there are 470,000—and 
losing 8% a year. That's not sustainable 
Wasser’ technique, presented in a paper at 
CITES, may help reduce pouching, says Douglas- 
Hamikon, “since it eliminates any speculati 
bout where the ivory came from” and ean be 
used to help track the criminals involved. 
He and other scientists agree that the main 
source of today’s illegal ivory is the Cong 
Basi 


where the forest elephants (Laxodonta 


africana cyelotis) are in sharp decline. 
Whether the 9-year “resting period” as, 
CITES has labeled the ivory-trade pause, will 
help African elephants overall is unclear, 
Because elephants don’t reach sexual maturity 
until they're 12 years old “it would have made 
sense scientifically if it had been a 2 
36-year ban,” says Rudi van Aarde, a conser 
tion ecologist at the University of Pretoria 
South Attica. "So this was. political decision, 
Conservation scientists did celebrate when 
China voted with the rest of the 170 nations to 


stop raising captive tigers except for conserva- 
tion purposes and to phase out its commercial 


farms, which raised the cats in hope of a 
domestic trade in tiger parts. For the tiger, 
Which experts sty ison a “catastrophe” path to 
extinction, that was an undisputed win-w 

“VIRGINIA MOREL 
Virginia Morel isa writer in AsNand, Oregon 


No Lifeline for Proposed Breast Cancer Prevention Trial 


What was planned as one of the largestever 
US. breast cancer prevention trials may be 
scrapped after getting a lackluster review 
Although the panel used mild words— it 
declined to “offer strong endorsement” for 
funding—the judgment last week by a sub- 
committee of the National Cancer Advisory 
Board (NCAB) seems likely to kill the 
$100 million study, which would test a new 
drug against an older one for high-risk women. 

National Cancer Institute (NCI) Director 
John Niedethuber had not issued a decision 
earlier this week, But his opposition in the 
past suggested he was ready to pull the ph 
Meanwhile. Niederhuber must weig 
2000 letters to Congress, as well as one to 
himself from Senator Arlen Specter of Penn 
sylvania, the ranking Republican on the sub- 
committee that drnws up NCT's budget, sup= 
porting the trial. The trial’s leaders at the 
National Surgical Adjuvant Breast and 
Bowel Project (NSABP) in Pittsburgh, Penn- 
sylvania, declined to comment. 

Known as STELLAR, the trial would 
compare a new drug called letrozole with an 
older drug to prevent breast cancer in 
12,800 high-risk but healthy postmeno- 
pausal women, STELLAR had been reviewed 
seven times within NCI and by outside peer 
reviewers before Niederhuber put it on hold, 
questioning its scientific value and cost 


(Science, 16 March, p. 1477). At his request, 
an NCAB ad hoc panel met with other 
‘experts and patient groups to review the trial 
behind closed doors on 23 March, 

Although panel members had “often 
nt views,” their “dominant opinio 
[was] that, because of concerns about toxic- 
ity, [the trials] effect on the practice of pre- 
ventive medi it be modest.” accord- 
ng to a report released last week at an 
NCAB meeting, Side effects have likely 
already deterred women from using other 
breast cancer preventive drugs such as 
tamoxifen, the report says. The three-member 
NCAB subcommittee noted that after 
NSABP’S initial 5-year cast of $35 million, 
follow-up could require $80 million. 

Peter Greenwald, director of NCI’s Divi- 
sion of Cancer Prevention, made an impas- 
sioned plea for the trial. arguing that it 
‘should be a top priority of NCI” because it 
could prevent 70Pof breast cancer incidence 
in women at high risk. Some NCAB mem- 
bers were sympathetic, noting that NSABP 
leads the field, althoug 


tion could cause “a collapse of the networ 
that has run breast cancer prevention trials 
for 15 years, warns participati 
Patricia Ganz of the University of California, 


ore 


Decider. A $100 
million-plus study is of, 
hold while NCI Director 
John Niederhuber 
determines its fate. 

“A 


tt 


Atlast week's NCAB meeting, Niederhuber 
also confirmed that a predicted 10% cut in the 
2007 budget for cancer clinical trials would 
not happen after all, Warned to prepare for 
such a cut last year, the U.S. cooperative 
oups reduced enrollment by 3000 patients 
and delayed or canceled many trials (Science, 
2 March, p. 1202). Group leaders say most of 
the restored money will likely go to existing 


infrastructure because canceled trials can’t 
easily be restarted. JOCELYN KAISER 
With reporting by Jenifer Couzin. 
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PCR Results That Are 


Right On Target 


Advantage™ HD DNA Polymerase 


* Extremely low error rate - 0,0046% by sequence analysis 
* Excellent for amplifying and cloning cDNA 


* Perfect for high efficiency cloning systems like Clontech’s 
In-Fusion™ 2.0 


Amplification of 0.5 to 6.0 kb targets demonstrates superior 
efficiency on genomic DNA: 


kb 45 


6kb 
1.05 kb p53 
2.1kb DCLREIA 
3.2kb DCLREIA 
4.3kb Bglobin 
5.4kb DCLREIA 
6.6kb Bglobin 


100ng Human genomic DNA amplified in a 3-stop protocol with 2 
4 minute extension. 


Clontech Laboratories, Inc. 


Visit our website today 


and plan for tomorrow! 
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Gone Expression & Delivery 
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Nucleic Acid Purification 
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Protein Arrays 
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SCIENTIFIC PUBLISHING 


Osaka University Researchers Reject 
Demand to Retract Science Paper 


Because of “numerous questions,” Osaka 
University’s Graduate School of Medicine 
has told one of its research groups to retract 
2004 Science paper on an insulin- 
mimicking protein secreted by fat tissue. 
The school’s dean, Masaya Tohyama, last 
week held a press conference to issue the 
unusual demand, which came after a year- 
long investigation, 

The school has not alleged scientific 
misconduct, and the paper's corresponding 
author, lichiro Shimomura, says the issues 
raised by the investigation, such as ignoring 
data that complicated the paper's conclu 
sions, do not warrant retraction, The metib- 
olism researcher says he and the other 
uthors are considering legal action against 
the university for how it handled the ease. 

The paper in question, published online in 
December 2004 and in print in the 21 January 
2005 issue of Science (p. 426), concerns a pro 
tein dubbed visfatin, Shimomura and 21 col- 
leagues at Osaka and three other Japanese 
companies or institutions reported that the pro 
teinis seeretedby fat tissue and that its levels in 
blood increase during the development of 
obesity. Visfatin also exhibited insulinlike 
effects in cultured cells and lowered plasma 
lucase 
authors concluded th 


further studies of vise 
fatin may lead to “new therapies for metabolic 


disorders like diabetes.” The publication has 
been cited in some 60 papers, as indicated by 
Science's online tracking system. 

According to a statement released by the 
medical school, its committee for research 
integrity set up an investigating subcommit- 
tee in June 2006 in response to allegations 
of impropriety. The subcommittee’s recom- 
mendation to retract the paper was endorsed 
by the school’s faculty council on 14 June, 
The council decided, however, not to disci- 
pline the researchers. “There was no cl 
indication of any fabrication of data,” says 
Tohyama. The dean says that the schoo! 
does not intend to make the investigating 
's report public. 
voncern, according to Shimomura, 


paper. The team had tried to create male and 
female heterozygous knockout mice, animals 


3 
i ‘was that certain data were not included in the 
i in which one of the two copies of the visfatin 


Fat problem. A paper describing a protein secreted 
by fat cells (above) has been called into question 


mice. However. forthe female heterozygotes, 
the expression level was not lowered that 
much, leading the team to conclude that the 
mice were not adequate models. “We had a 
eason for not including the [female] data.” 
Shimomura say 

Harvey Lodish, a biologist at the White- 
head Institute for Biomedical Research and 
the Massachusetts Institute of Technology, 
both in Cambridge. says that the decision to 
drop the female heterozygotes “seemsall right 
to me,” But Lodish, who co-authored a com- 
mentary in Science on the research, says that 
because of other questions about the work, 
“we reserved judgment as to the reality of Vi 
fatin asa seereted insulin-mimetic hormone: 

‘Shimomura says the group responded to 
other issues raised by the investigating com- 
mittee in a rebuttal and stands by its original 
results. In a statement issued by Science. its 
editor-in-chief, Donald Kennedy, said the 
taking the matter “very seri- 
“We were aware that an investigation 
misconduct was under way at the 
University of Osaka Medical School and have 
been in contact with the dean for a number of 
months.” added Kennedy. “We have been 
notified that the investigation is complete but 
‘¢ not been informed of the university's 
final determination.” 

This is the second time Shimomura ha 
been a corresponding author on a problem- 
atic paper. In November 2005, he retracted a 
paper published by Nature Medicine a year 
earlier when it was found that the first 
author, Nobuyasu Komazawa, had fabri- 
cated data. Komazawa was not a contributor 
tothe visfatin paper. -DENNIS NORMILE 


NIH Mapmakers Stalk 

Terra Incognita 

Two hot biological research areas—epigenetics, 
and the microbes our bodies host—wil lead 
Roadmap 15, the second round of research in 
tiatves that cut across all 27 institutes and cen 
ters atthe National Institutes of Health (NIH). 
‘Alan Krensky, incoming director of NIH's new 
planning office, says solicitations for these two 
5 year programs will o out this fal. Epigenet 
‘cs will catalog genetic changes that affect gene 
‘expression but don't involve a change in DNA 
sequence. The Human Microbiome Project will 
‘examine the body's microbial communities and 
their relation to disease. Two more projects to 
start as pilots include work on human pheno: 
typing and protein probes. NIH projects spend: 
ing $30 million next year and $80 million for 
each of the next 4 years. ~JOCELYN KAISER 


Patent Office Goes MySpace 

The USS. Patent and Trademark Office has 
beguna pilot program (Science, 19 May 
2006, p. 982) to solicit outside input on com: 
puter technology patent applications. IBM, 
Intel, General Electric, Red Hat, and Hewlett 
Packard have each given permission for one 
patent application to receive public scrutiny, 
‘and some 550 lanyers, programmers, and 
laypeople have signed up to participate, 

The patent office és hoping that the additional 
reviewers will help it spot proposed inventions 
that are not new. EU KINTISCH 


Settlement Reached in Data Case 


Leaders of the world’s Largest genetic biobank 
for children’s health research say they're in 
the clear after settling a big lawsuit filed by 
‘deCODE Genetics in Reykjavik, Iceland, 

The Children’s Hospital of Philadelphia 
(CHOP) disclosed last week that it has paid an 
Undisclosed sum to deCODE to end a suit in 
which deCODE accused several former 
‘employees of plotting to “steal” deCODE’s 
computer programs and data (Science, 

6 October 2006, p. 30). CHOP denied the 
allegations and countersued, In the settle 
ment, deCODE and CHOP agree to withdraw 
allegations, and CHOP promises not to use 
deCODE's proprietary material. Philip 
Johnson, CHOP's scientific director, says that 
the hospital never used, nor intended to use, 
anything from deCODE, and that several 
research papers now in press are proof of 
progress despite the dispute, Ina statement, 
deCODE's chai, Kari Stefansson, says he's 
pleased to have reached an agreement with 
“anoble institution.” ~ELIOT MARSHALL 
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DNA SYNTHESIS 


Gene-Synthesis Companies 
Join Forces to Self-Regulate 


In 2004, Blue Heron Bio, a gene-synthesis, 
‘company in Seattle, Washington, received a 
request by someone in the United States for a 
DNA sequence that would help a gene produce 
a toxin more effectively in an edible pla 
Another order that year, by an organization in 
the Middle East, was fora part of the smallpox 
‘genome, Afraid that the DNA might fall into 
the hands of terrorists, the company declined 
both requests, 

But it didn’t have to. Existing laws in the 
United States as well as most other countries, 
do not require companies to screen 
DNA orders, let alone turn down 
suspicious requests or report them to 
any government or body such as 
Inited Nations. 

Now, Blue Heron Bioanda hostof 
‘other gene-synthesis companies have 
proposed guidelines for screening 
and handling the growing number of 
DNA orders, Founding members of 
the International Consortium for 
Polynucleotide Synthesis (ICPS) lay 
‘out the oversight framework in a commentary 
published this month in Nanure Biotechnology 
“We think this is a sensible way of handling 
the risks without slowing down the field 
says co-author John Mulligan, chair of 
Blue Heron Bio, 

Environmental activists are bristling at the 
proposal, which they say is an attempt by 
industry to preempt or mini 
gulation, The absence of 


pemal oversight, 


they claim, makes the rapidly advancing field 


(of synthetic biology a fertile ground for bio- 
terrorism as well as ecologically catastrophic 
aceidents. “It's not for a handful of scientists 
‘and entrepreneurs who have a vested interestin 
the technology to control the discourse or 
determine regulatory frameworks.” says Hope 
Shand, research director of the ETC Group, 
The topic is sure to provoke debate next 
\weekinZurichatSynthetic Biology 3.0, the third 
in series of meetings that brings scientists 
together to discuss technical, societal, and eth- 
ical issues related to the field. Even a co- 
author of the ICPS framework rejects its plea 
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“We think this is a 


handling the risks 


for governments to stay on the sidelines, Har- 
vard University biologist George Church, 
1 co-founder of Cambridge-based gene syn- 
thesis company Codon Devices, says he 
‘ommends government surveillance of compa- 
nies, institutions, and researchers doing syn- 
thetic biology “since the stakes are so high.” 
At last year's Synthetic Biology 2.0, 
Church and other biologists publicly dis- 
cussed security implications of their 
arch, and some even raised the idea of a 
‘moratorium, But after a contentious debate, 


sensible way of 


without slowing 
down the field. 


in the te 
control the dis 


Blue Heron Bi Hope Shand, € 


‘meeting participants issued only a vague call 
for self-regula infuriated the ETC 
Group and other watchdog groups (Science, 
26 May 2006, p. 1116) 

Under ICPS's proposal, customers plac- 
ing orders would identify themselves and 
their home institutions and provide infor 
‘mation about their capability to handle bio- 
logical agents. Companies would be obli- 
proved software to 
check orders against a list of potentially 
dangerous sequences and report problem- 
atic requests to government authorities. 
Founding members of the consort 
they already follow these steps. 

So far. the push for self-regulation among 
synthetic biology researchers and companies 
hhas warded off government involvement, Nei 
ther the US. Department of Homeland Secu- 
fity nor any members of the US. Con 
have called for binding legislation over the 
field. Some government offic 
pointed out that the country’s 
rules, which require individuals and institu- 


“It’s not for a handful 
of scientists and 
entrepreneurs who 
have a vested interest 
nology to 


tions to register with the government in order 
to work with certain pathogens and toxins, 
already exert indirect pressure on gene- 
synthesis companies to sereen orders: 

The National Science Advisory Board for 
Biosecurity (NSABB). a panel appointed by 
the Department of Health and Human Services 
to minimize risks posed by “dual-use" life si- 
ences rescarch, hts endorsed self-governance. 
In draft recommendations on synthetic biology 
unveiled earlier this year, the board suggested 
developing standards for screening DNA 
orders but didn’t suggest new regulations 
(Science, 27 April, p. 529). If the government 
Were to get tough in this area, “it could drive 
business overse s David Relman of 
Stanford University in Palo Alto, California, 
who heads NSABB's synthetic biology group. 

Although praising the ICPS consortium for 
trying to address the risks posed by synthetic 
biology, some are troubled by the kick of regu 
latory teeth in the framework. Alan Pearson of 
theCenter for Arms Control nxt Non-Proliferation 
in Washington, D(C, asks who would hold DNA- 
synthesis companies and their clients account- 
able if they ignored the uide- 
lines, Pearson is surprised that 


the consortium did not recom- 
mend modifying the sele 
went rules tocover requests for 
and manufacture of DNA se~ 
quences related to such agents. 

The paperdismisses another 
obvious idea: a centralized gov- 
ernment body that clears all 
DNA orders, That “impractical 
option.” say the authors, would 
scare off clients concerned about breach of pr 


urse. 


vacy. “Most of our customers are very con- 
cemed about protecting the confidentiality of 
the sequences they are ordering, which are 
often highly proprietary” siys Mulligan. 

Church stresses the need to develop better 
software to sereen DNA requests. Industry rep 
resentatives say the number of false alarms 
they have to look into makes the process 
tedious. “No matter what the regulations, good 
sofiware is our first line of defense, 
Church, adding that the consortium plans to 
pool resources and request government fund- 
ing to improve sereening, 

Although Church contends that self 
governance is not enough, his voice Wasn't 
enough to persuade the ICPS that government 
lation is needed or feasible, “I think it 
would take a significant change in the culture 
of science and business to support broad- 


~YUDHIJIT BHATTACHAR)EE 
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SCIENTIFIC PRIZES 


U.S. National Medals: For Men Only? 


Any day now, the Bush Administration will 
e the 


winners of the 2006 
+. touted as “the 
country’s highest honor for sciemtific 
achievement.” For the first time 

in 4 years, the honorees will 

include a woman, That's terri 

ble record, say advocates of 

greater diversity in science, 

and sends a disturbing mes- 

sage about who is capable of 

doing world-class science. 


appalled.” confesses Mi Montrose, 
who manages the program atthe National Sei- 
cence Foundation, “Irs unbelievable” 

The paucity of women also extends to the 
National Medal of Te 5. similarly 
prestigious award run by the Commerce 
Department. Only three women have been 
honored as individuals since the program 
began in 1983, and none since 1996, (Each 
class typically also features corporate win 
ners, ranging from a team of scientists to 
the entire company. The 2005 winners 
announced earlier this month, for example, 
feature a female member of a group at Wyeth 
Pharmaceuticals that developed a children’s 
pheumocoecal vaccine.) I's certainly not a 
new phenomenon: Of the 425 science medal- 
ists since 1962, only 30—about 
women. And there have never been more than 
two ina single year. 

Advocacy groups aren’taccusing the selec= 
tion committees, which typically include sev~ 
eral women, of bias, Instead, they point to acul- 
ture that undervalues the contributions of 
women, along with a tendeney of women to be 
less aggressive in seeking such honors. The 
combination, they say, results in a trickle of 


nominations. That appears to be the case forthe 
science medals. The pool of 188 candidates 
reviewed last year, for example, included 
11 women—the same percentage as 

their historic rate of success, 


The phenomenon also sug- 
gests an obvious solution: Get 
‘more women to apply. That's 
precisely the goal of Project 
RAISE (Recognition of the 
Achievements of Women In 
Science, Medicine, and Engi 
neering), run by the Society fi 
Women’s Health Research and aimed 
aatawards programs of all types. “There's ce 
tain skill involved in the application process, 
and we need to help women learn how to do it 
Well. says co-founder Stephanie Pincus, a for- 
mer chair of the department of dermatology at 
the University of Buffalo, New York. 

Pincus says she was shocked to learn how 
few nominations of either sex—about three to 
four dozen—are submitted each year to the 
two national medal selection committees. 
(Anyone can nominate anyone, including 


‘oneself, and a nomination remains active for 
4 years.) The low number suggests that efforts 


such as RAISE can play an important role. 
“Boosting the number of applications won't 
solve the problem, but it's an important first 
step,” she argues. 

Members of the selection commit 


agree that something needs to happen. “I's 
definitely an issue for the committee,” says 


Linda Katehi, provost of the University of 
Ilinois, Urbana-Champaign, and a member 
of the technology medals panel, “We have 
people from diverse backgrounds in sciene 
and we need to find a way to recognize them.” 
JEFFREY MERVIS 


Science Editor-in-Chief to Retire 


Donald Kennedy has announced that he will be stepping 


Fi 
i 
g 
i 


down as Science's editor-in-chief. Kennedy, who has been 
the magazine's top editor since 1 June 2000, has told the 
Board of Directors of AAAS, Science's publisher, that he plans 
{0 retire around the end of the year but will continue as 
editor-in-chief until a successor is found. A search committee 
chiaited by AAAS President David Baltimore is being estab- 
lished to conduct an international search. “Don Kennedy has 
provided superb leadership to Science, and it will be very 
hhard to find a successor,” says AAAS CEO Alan Leshner. “He's 
set the bar very high.” 


Report Backs Interspecies Lines 
‘report by Britain's Academy of Medical Sci 
‘ences has bolstered the political case for 
allowing the creation of so-called cybrds, in 
which human DNAs inserted into animal 


e995 to generate human embryonic stem 
cells, The U.K. Human Fertilisation and 
Embryology Authority (HFEA) is currently 
conducting a public consultation on the 
practice, with a fall decision expected. 

The report asserts that research involving 
interspecies embryos raises “no substantive 
ethical or moral reasons not to proceed” pro 
vided that the usual regulations are followed, 
panel chair Martin Bobrow of the University of 
Cambridge said in a statement. Most nations, 
including the United kingdom, require that 
‘no human research embryos be allowed to 
survive beyond 14 days. 

Cybrids could allow nuclear transfer without 
tapping the limited supply of human eggs. The 
issue came to a head last year when two groups 
applied to HFEA for permission to work with 
‘cow eggs instead, Critics find distasteful the 
idea of mixing animal and human material, 
and the practice has been banned in Australia 
and several other nations. The British govern: 
ment has proposed legislation that would ban 
the practice but allow exceptions. 

“CONSTANCE HOLDEN 


What's That Smell? 


The Environmental Protection Agency (EPA) 
last week launched the first national study of 
air pollutants from dairy cow, swine, and 
poultry farms. For 2.5 years, researchers {rom 
eight universities will measure emissions of 
hydrogen sulfide, ammonia, and other gases 
from livestock farms in nine states across the 
country. EPA will then create a model to 
enable individual operations to check whether 
they need an agency permit. 
Environmentalists say the study is not com: 
prehensive enough and may underestimate 
emissions. EPA has the authority to order 
farms to do their own monitoring, but it chose 
instead to study just 24 sites as part of a 2001 
deal with industry. In exchange for not being 
regulated, more than 2600 operations with 
14,000 farms agreed to contribute a total of 
514.6 million forthe study. “Without a better 
study, I'm not sure this will lead to anything 
‘but more lawsuits and delay,” says Karla Raettig 
of the Environmental Integrity Project in Wash: 
ington, D.C. The D.C. Court of Appeals heard 
‘arguments this year on a case activists brought 
challenging EPA's voluntary approach. It's 
unclear how that case, which is pending, could 
affect the research. ERIK STOKSTAD 
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ee A young biologist is teaming up with colleagues on 
« *@ominents to document the world’s biggest freshwater 
fishes—and, he hopes, help avert an extinction crisis 


CHIANG KHONG, THAILAND—Euddies and 


whirlpools, weak and evanescent, swirl water 


the color of milk chocolate in a narrow 
stretch of the Mekong River betw 
and Thailand, Zeb Hogan asks the longb 

driver to steer toward a rocky island, As slate~ 
gray thunderclouds bear down from the 


yetal cylinder that 
et. Hogan, a fisheries, 


holds an acoustic revei 
biologist with the University of Nevada, 
Reno, is checking to see if this and 16 other 
receivers along a 400-kilometer stretch of the 
river are ready for showtime. On 6 May, near 
Chiang Khong, he stuck an acoustic trans- 
miter on the dorsal fin of a Mekong giant 
catfish, It was the only one caught this year, 


and the first ever tagged successfully, in 
Thailand, The receivers will track its move- 
ments. “We think this part of the Mekong 
critical habitat,” 
around here is the spawning area.” 

But even after a decade of reconnaiss 
in the Golden Tria 
Laos, Myanmar, and Thailand meet, Hog 
not quite sure where that area is, The only cer- 
tainty is thatthe giant catfish (Pungusianodon 
gigas), one of the world’s biggest freshwater 
fishes, is getting harder to catch. Hogan has a 
finger on the fading pulse of other Meko 
tersas well, including the giant pan 


e. the highlands where 
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(Pangasius sanitwongsei) and the giant fresh- 
\Water stingray (/imantura chaophnayu), both 
of which rival the giant catfish in sheer heftand 
at risk 
Backed by the National Ge 
ety (NGS), Hogan this spri 
sar “Megafishes Project” to docu: 
nd protect the titans of the world’s 


graphic Soc 
has embarked 


ment 


rivers and lakes: two-dozen-odd freshwater 


fishes that can top 200 pounds or 6 feet long 
(91 kilograms or 183 centimeters; see table 
p. 1686). Many of these sumo-sized species 


are on the ropes, pummeled by overfishin 


nd habitat degradation. Hogan's quest has 
begun on the Mekong, whose 1200-plus fish 
species make it the world’s most biologically 
diverse river basin of this size. The Mekong 
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is in the grip ofa global calamity unfoldi 
fresh water, which accounts for 0.01° 
the planet's water but is home to at least 
10,000, or about 40%, of known fish species, 


Everywhere we look, the largest fish are 


disappearing,” Hogan says, “These ar 


fish.” adds environmental scientist Thomas, 
Lovejoy. president of the Heinz Ce 
Wa Much like tigers on land, 
they are flagship species representing the 


hington, D.C 


wonders of life in rivers.” 

Lovejoy and others laud Hogan for 
m, The “freshwater extine- 
tion crisis” deserves more attention, says 
Julian Olden, an aquattic ecologist at the Uni- 
versity of Washington (UW), Seattle 
Megafishes, adds Peter MeIntyre. a fish biol- 
gist at Wright State University in Dayton, 
Ohio, 
overexploitation and habitat alteration fac- 
ing freshwater fishes around the world.” By 


sounding the al 


re emblematic of the problems of 


stirring up interest in the megafishes, Hogan 
is likely to benefit numer 
Melntyre says 

Large freshwater fish “are uniquely vul- 
nerable.” says David Dudgeon, an aquatic 
ecologist at the University of Hong Kong. 
They can live for decades, and “an awful 
lot of bad things can happen before they 
mature.” he says. The consequences are par- 
ticularly devastating forspecies confined toa 
single river. “If you screw up that habitat 
they're gone.” Dudgeon says 


is other species.” 


‘Moby Dick of the Mekong. Caught in 2005, this 
record giant catfish weighed 293 kilograms. 

Unlike pandas, their cuddly appeal is 
nil, “People have a hard time sympathizi 
With fish,” acknowledges Hogan. But 
When it comes to freshwater ereatures, 
these “are the largest ones out there, and 
they're in big trouble,” 


Trophy fish evangelism 
Last year, when a lengthy search for the baiji 
or Yangtze River dolphin, came up 
Hogan viewed the mammal’s disappeat 
‘as.an ominous portent. The Chinese team hal 
anticipated a diminished population, not a 
total wipeout (Science, 22 December 2006, 
p. 1860). Similarly, H that the 
Mekong River's giant pangasius is well on 
the way to oblivion, Unlike the gia 
fish—a bottom feeder—the giant pan; 
also called the dog-cating catfish, isa preda- 
tor. (Fishers snared it years ago by baitin, 
hooks with dog flesh.) “The most common 
reaction I get is surprise that these species 
exist.” says Hogan, By the end of World War I, 
pangasius specimens larger than 2 meters 
were rare in Thailand, and it may be extir- 
pated from one of its original haunts, Thai- 
land's Chao Phraya River. Now it’s fighting a 
losing battle in the Mekong. “People aren't 
catching bi Ho: 
vasius might disappear before 
basic s can be done, he says: “We 
know almost nothing about it” 

Information is searee—and time is run- 
ning out—for most species on the megafish 
list. Take the arapaima, or pirarucu, a 
South American fish that must surface 
every 15 minutes or so to gulp air. The 
biggest arapaima (Arapaima gigas) topped 
3 meters and 200 kilograms at one time 
But their need to breathe makes them easy 
to harpoon. In recent decades, th 


n says. 


average 


capture size has “drastically decreased, 
says arapaima expert Patricia Pinho of the 
University of California, Da 

Like the giant pangasius, certain arapaima 
varieties may vanish before scientists become 
atequainted with them, Some species have not 
yet been described, whereas others have not 
been seen since the 1800s, says Donald 
Stewart, fish biologist at the State University 
‘of New York (SUNY) College of Environmen- 
ce and Forestry in Syracuse. He and 
his graduate students are studying arapaima in 
Brazil and Guyana. “Insufficient knowledge 
of the taxonomy and ecology” impedes con- 
's Stewart, “The first last, and 
‘only meaningful analysis of species-level tax- 
‘onomy for arapainya was in 1847! 


yan development 
“In contrast to 


big sea dwellers, these riverine giants often 
live in close contact with dense human pop- 
ulations,” says Stewart. In the Mekong. 
Amazon, and other river basins in the 
developing world, fishery interests usually 
trump preserva 

Dams, industrial effluents, and commer- 
cial navigation add to the pressure. “Fresh 
water systems get it every which way. It’s 
hard to find a big river that hasn't been mas- 
sively modified.” says conservation ecologist 
Stuart Pimm of Duke University in Durham, 
North Carolina, An extreme case is the 
Yangue, where a triple whammy of habitat 
modification, pollution, and heavy boat tra 


fic may have turned the Chinese paddlefish 
(Psephurus gladius) nto “the living dead” in 
that although individuals may still ply the 
river, the species itself could be doomed. says 
Dudgeon. The fish may be past the point of 
no return, he explains: Not even habitat 
“Tve be 


preservation might save it now 


searching since 2003 in almost all the 
says Wei 


Yangtze and have found none,” 
Qiwei of the Ya 
Research Inst 


ute in Jingzhou 
afishes are migratory 

” says lan Baird, 
apher at the University of British 
‘Columbia (UBC) in Vancouver who workson 
the Mekong. Scientists and activists are up in 
arms over the Laotian government's plans to 
build the first hydroelectric dam on the 
Mekong south of China, at Siphandone near 
the Laos-Cambodia border. The dam would 
block a channel that migratory fish, such as 
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nt catfish, use to bypass the Khone Falls, 
heries expert with the 


says Roger Mollot, a 
World Wide Fund for Nature (WWF) in Vi 


tiane, Laos. That prospect, he says, “is obvi- 
‘ously a major concern for fish biodiversity 
and fishing livelihoods, 

This is not the sole menay 


none of the 
most productive fisheries in the world. The 
ation Improve 
wamite and dredge a stretch of the 
river north of Chiang Khong. “They're consid- 
ing blasting in the presumed spawning, 
grounds of the giant catfish,” says Hogan 
Dudgeon feels that blasting there “could be the 
Jast nail in the coffin for the species.” Fortu- 


itously, the work has been postponed out of 
national security concerns, explains Mollot 


“The Thai government worries that blasting 
will alter the hydrology of the river" which, in 
that stretch, forms part of the Thai-Laos border. 
Thanks to quirks of topography or, rarely, 
ment, a few megafishes are 
holding their own, Although subjected to 
nt perch (Lares 
‘angustifrons) al Africa's Lake 
Tanganyika is lucky “in that it hasa huge, deep 
lake to hide in and relatively low-technology 
fisheries methods to contend with. 
Melntyre. “Their populations may well persist 
© the heavy fishing, 
pressure.” And in North America, the lake stur= 
geon (Acipenser fulvescens), decimated by 
anglers early in the 20th century, has 
rebounded. “They are relatively well-managed, 
‘and their populations remain stable.” says Jake 
‘Vander Zanden, an aquatic ecologistat the Uni 
versity of Wisconsin, Madison. “There are 
important lessons in the success stories.” 


intensive fishi 
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COMMON NAME 
Chinese paddletish 


Giant freshwater 
stingray. 


Wels catfish 
‘Arapaima 

(irarucu; paiche) 
Soldatov’s catfish 
Piraiba 

(aulau; techero) 
Alligator gar 
‘Mekong giant catfish 
Giant barb 


Giant pangasius 
(dog-eating catfish) 


Putitor mahseer 
Lake sturgeon 
Wallago 

(oiant sheatfish) 
‘Manga 

[Mississippi paddletish 


Nite perch 
Pallid sturgeon, 
‘Murray cod 
Tanganyika tates 
(Giant perch) 


Taimen 


SCIENTIFIC NAME 
Psephurus gladius 


Himantura choophraya 
Siturus glanis 
‘Arapaima gigas 
Silurus soldotovi 
Brachyplatystoma 
filomentosum 
‘Atroctosteus spatula 
Pangasianodon gigos 


Cattocorpiosiamensis 


Pongasivs sanitwongsei 


Tor putitora 


‘Acipenser fulvescens 


Woilago ottu 


Borbus esocinus 


Polyodon spathula 


Lotes nitoticus 
Scaphirhynchus olbus 


‘Maccullochella 
peel peelit 


Lotes angustifrons 


Hucho taimen 


Lake sturge 


MAXIMUM SIZE 
700 cm, 500 bg 


500 cm, 600 ig 


500 cm, 306 bg 


450 cm, 200 kg 


400m 


360 cm, 200 bg 


305 cm, 137 bg 
300 cm, 300 bg 
300 cm, 300 kg 


300 cm, 300 ig 


275m 


274m, 125 1g 


240m 


230m, 136 1g 


221m 
(including paddle) 


200 cm, 200 ig 
200m, 130 ig 


200 cm, 113.5 kg 


200 cm, 100 ig 


200 cm, 100 ig 


* Excluding sturgeon species that move between freshwater and saltwater 
‘2gricultural land use, natural resource extraction, and human infrastructure, especially dams); harvesting (for food, medicine, fuel, or materials; invasive species 


{associated with competition, predation, hybridization, or pathogensiparasites); and pallution (atmosphere, land, or wate) 
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FOCAL RIVER SYSTEM 
Yangtze River Basin 
Mekong River Basin 
Widespread in 

Europe and Asia 


‘Amazon River Basin 


‘Amut River Basin 


‘Amazon River Basin 


Mississippi River Basin 


Mekong River Basin 
Mekong River Basin 
Mekong River Basin 


Brahmaputra River Basin 


St Lawrence, Great Lakes 


Mekong iver Basin 


Tigris River Basin 


Mississippi River Basin 


Wile River Basin 
Mississippi River Basin 


‘Murray River Basin 


Late Tanganyika 


Selenge River Basin, 
ake Baikal, Amur River Basin 


Taimer 


IUCN RED LIST 
(2006) CATEGORY 


Critically endangered 


Vulnerable 


Least concern 


Data deficient 


Not evaluated 


Not evaluated 


Not evaluated 
Critically endangered 
Not evaluated 


Data deficient 


Not evaluated 


Not evaluated 


Not evaluated 


Not evaluated 


Wulnerable 


Not evaluated 
Endangered 


Not evaluated 


Endangered 


Not evaluated 


(GIANT stingray 


MAJOR THREATS! 
Harvest habitat loss 


Harves, pollution 


NA 


Harvest 


Harvest, habitat, 


pollution 


Harvest 


Unknown 
Harvest, habitat loss 


Harvest, 


abitat oss 


Harvest, habitat los, 
pollution 


Harvest habitat loss 


Harvest, habitat los, 
pollution 


Harvest 


Unknown 


Harvest habitat Los, 
pollution 


Harvest 


Harvest, 


abitat oss 


Harvest, habitat loss 


Harvest 


Harvest habitat Los, 
pollution 


‘Threats have been divided into four categories: habitat loss/degradation (associated with 


+ Vulnerable in Australia 


‘217s To NOTTOM COURTESY OFZ HOGAN, JAN FRAN OS HELA SOURCES. 2E8 HOGAN DONALD STEWART LERNORO CASTELLO, DAVE DUOGEON: WEIGAWES MEN 


In many regions, however, conservation, 
and science are far down the list of priorities. 
There hasn't been a lot of emphasis on 
research.” says Hogan, “There just aren’t that 
many people doing this kind of work.” And 
environmental protection is a novel concept 
in the Mekong River Basin. “Frankly, most of 
Us are only beginning to learn about conser- 
vation,” says Uthairat Na-Nakorn, a fish 
geneticist at Kasetsart University in 
Bangkok, In Thailand, she says, “when an 
‘outsider raises an issue, the issue becomes 
more important.” 

That's where Hogan is making 
amark, 

Hog: 


33, says his megafish 
ny came 10 years ago, 
he spent the 1996-97 ac 
year on a Fulbright student 
fellowship at Thailand's Chiang 
Mai University. “I came to Tha 
land at a very good time.” he says. 


Interest in Mekong ecology was 
waxing asa result ofa majorstudy 
into how future dams could harm 
the lower Mekong, After lear 
Thai, Hogan visited village mar- 
kets to record the kinds of fish for 
salle, He narrowed his focus to the 
pangasiids, a group of migratory 
Mekong eatfishes that spawn in 
spring, at the start of the rainy se 
son. Hogan and colleagues deter- 
mined thatthe silver-toned catfish 
(2 krempfi), unlike its cousins, is 
romous: I's a saltwater 
species that enters the river only to 
spawn, They nailed this from the 
high strontium levels in the ca 
fish’s otoliths, or ear stones, and 
aan isotopic signature in muscle 
tissue indicative of growth ina 
marine environment, the South 
China 

Hogan says his seduetion by 
the Mekong giant catfish “happened by 
accident.” after he had begun doctoral ecol- 
ogy studies at the University of California, 
Davis. In April 2001, he went to Chiang 
Khong for the annual hunt of pla beuk, or 
buffalo fish, as the wiant catfish is called in 

¥y ago, fishers hauled in 
hundreds per year. By the time Hogan 
arrived on the scene, he says, “it was the end 
of the heyday.” 

Fishers in the Chiang Khong area had 
landed 20 in 1999, Hogan hung around 
Chiang Khong for 1 month in 2001, but no 
giant catfish were netted. The same thing 
nothing—happened in 2002 and 2003. 
“There was a feeling, “Hold on, we may have 


Got 


ths of the Amazon. 7 w 


a problem here.’ ” Hogan says. There was a 
small rebound in 2004 and 2005, when seven 
and four, respectively, were caught. Then only 
‘one was netted by Laotian fishers last y 
ed. Several 
giant catfish each year continue to be cap- 
tured, and usually released, in the Tonlé Sap 
region of Cambodia, where the fish rears its 
young after spawning. The statistics are grim, 
and the ecological forces behind the year-to- 
year fluctuations upstream area mystery. “No 
‘one really knows what's happening in the 


river,” Hogan says. 


requite 
stewart se 
aua Reserve 


i9-game hunting 
On the beach on the L: 

Mekong, across from Chiang Khong, several 
Thai fishers are lounging beneath a roof 
thatched with palm leaves. Their fraternity 
holds exclusive fishing rights forthe giant cat- 
fish. In Thailand. only residents of Hat Khrai 
village next to Chiang Khong. can claim that 
honor. which has passed from father to son for 
enerations. In recent years, the season has 
en limited to I week per year. 

This May. after a voluntary moratorium in 
2006, members of the Hat Khrai Mekong 
Giant Catfish Club are anticipating a returnto 
the hunt. The thick-twine gill nets, deployed 
exclusively for the giant catfish, are laid 


an side of the 
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neatly ina few of the longboats tied to shore. 
The fishers, languid in the midday heat and 
eyes sheumy from homebrewed rice whiskey, 
are planning to hit the river in the evening. A 
short walk down the beach, a few of their sons 
are sprawled out under a tarp. The rainy sea- 
son descended a month early, and with a 
squall approaching, the young men are about 
to get drenched, “The catfish are comin; 
‘one says, prophetically. He's worth heeding: 
1n2005, he and two friends landed the world- 
record giant catfish, 2.7-meter-long, grizzly 
bear-sized titan that weighed 293 kilograms, 
With catches since then so rare 
that specimen may well have been 
the last of the leviathans. 

This season, the fishing is 
strictly for scientific purposes: 
any giant catfish snared must be 


tagged and released in return for 
cash, For the giant catfish tagged 
‘on 6 May, Hogan and a documen- 
tary film crew f 
equivalent of $1500, roughly 
market value, The meat, a deli- 
cy in Thailand, fetches up to 
S15 per kilogram, “Thai people 
think that eating it will give them 
good luck forever,” says Sujin 
Nukwan, director of the Inland 
Aquaculture Research Institute in 
Ayutthaya, Thailand, Hogan tried 
it a few years ago, “It tastes 
muddy,” he says, 

The older fishers are an 
le histo 


inv 


jel resource for 
Hogan, So fa, he has interviewed 
60 fishers over the age of 40, ask- 
ing them, among other things, to 
compare average catch and size 
now compared with 20 years 
ago—standard World Conserva- 

on Union criteria for assessing 
fish stocks. The fishers also lend 

ind with tracking tagged fish, 
eceiver, there's a fisherman 
Hogan says. “Our ultimate goal 
is to nail down where the Mekong giant cat- 
fish is spawning” 

After finishing his work at Chiang Khong, 
Hogan traveled down the Mekong to Cambo- 
dia, film crew in tow, to look for a giant 
stingray. which reportedly can reach 500 kilo- 
grams or more. “Cambodia is the last refuge 
for some of these species.” he says. Fishers 


told him stories of “absolutely enormous 
specimens. One sketched a stingray in the 
sand that measured 4 meters wide and twice as 
Jong. “He had a tale to match; think sinking 
boatsa la giant squid,” Hogan says, But Hogan 


‘came away empty-handed. 


22 JUNE 2007 


us ll 


1687 


| NEWSFOCUS 


1688 


Letting the cat out of the bag 
The plight of the megafishes is beginning to 
draw more international experts to the area. 
Ata WWF-sponsored meeting on the 
Mekong giant catfish in Vientiane last month, 
freshwater scientists and policymakers 
mulled a fishing ban or limited cate 

‘entific studies, "We concluded that there is a 
lack of information to hase sound decisions.” 
says WWE'S Mollot. Major knowledge gaps 
include exactly how many giant catfish are 
‘caught each year in the Mekong River Basin, 
here the fish spawn, and whether giant eat- 
fish in Cambodian waters in the lower 
Mekong and fish in the upper reaches of the 
river are a single population. 

Officials are leaning toward permitting a 
scientific cateh— including taking fin tissue 
samples for genetic analyses—to get at these 
questions. “We need rigorous research,” says 
Mollot. At the Vientiane meeting, Lao and 
Thai officials agreed to forge a common pol- 
icy for managing the giant catfish. WWE 
Mollot says, will also seek to get the species’ 
future “on the table” when policymakers dis- 
‘cuss development of the Mekong River Basin. 


for sci- 


They might look to Brazil for guidance. In 
the Silves region of the Central Brazilian 
Amazon, indigenous people have set up a 
zoning system to protect floodplain lakes that 
are critical to the arapaima and a second 
imperiled fish, the tambaqui (Colo: 
‘macropomum). Three management regimes 
are now in place: “sanctuary lakes.” nursery 
‘grounds where fishing is forbidden; “mainte- 
nance lakes.” in which only local people ean 
fish, and “open-access lakes.” In Lake 
Purema, declared a sanctuary in the 1980s, 
Pinho has observed that arapaima are doing 
better: The average body size of individuals, 
and the population, are both growing. She is, 
now working with the indigenous people to 
establish federally protected reserves 
throughout the country 

Whether such measures will su 
the long run will depend largel 
nity acceptance—and funding. “The problem 
isthat there just isn’t much money for protect- 
ing these species, of for international fish- 
eies research in general.” says Hogan. The 
Mekong Wetlands Biodiversity Conservation 
and Sustainable Use Programme kicked in 


AYUTTHAYA, THAILAND—Under a blazing sun, a technician in a straw hat lobs a softball-sized, 


‘mushy tan mass into a circular concrete pool. Five Mekong giant catfish, each more than 
19 50 to 60 kilograms, glide listlessly past the food offering. They aren't inter 


long and weig! 


meter 


‘ested 2 hours before their scheduled daily feeding here at the Inland Aquaculture Research Insti 


tute in Ayutthaya, the medieval capital of Siam. 


‘Whether due to dull appetite orsmall enclosure, these catfish are bantameights compared with 
some oftheir wild cousins. And no one knows whether hatchery-bred giant catfish can even cut it in 
the wild “The fear is that they will not understand the environmental cues to begin a spawning run,” 
says Roger Mollot,a fisheries expert with the World Wide Fund for Nature in Vientiane, Laos. 

Last year, a team led by fisheries biologist Zeb Hogan of the University of Nevada, Reno, 
tagged 40 fish of several species, including 18 captive-bred giant catfish released into the 
‘Mekong south of Chiang Khong, just before spawning season. Wild catfish swam upstream, as 
‘expected. The captives drifted down with the current, “The take-home lesson is that the hatchery 


fish are not adapting to the river,” Hogan says. 


But captive breeding of the Mekong giant catfish does offer one benefit: It eases fishing pres 
sure on wild stocks. In a tank near their full-grown cousins atthe Ayutthaya institute, several dozen 
younger giant catfish about 10 centimeters tong are thrashing about, displaying much more 
‘energy than the adults. They're about to be sold for the equivalent of $1 apiece to a farmer who 
will raise them in a reservoir. Thailand's 25-year-old program to breed the Mekong giant catfish 
has matured into a sustainable aquaculture industry, Hogan says. But captive breeding, he and 


others say, would only offer a last-gasp option for conservation. 


RS. 


$30,000 for receivers and tags for Hogan's 
effort before the program was killed last year 
and its budget redirected for climate change 
research. NGS is chipping in $35,000 a year 
for equipment 

As Science went to press, Hogan, an 
NGS “emerging explorer.” and his Megafishes 
Project co-director, limnologist Sudeep 
Chandra of the University of Nevada, Reno, 
were in Mongolia. There they hope to map 
critical habitat of the taimen (/ucho taimen), 
the world’s biggest salmon, and ensure that its 
catch-and-release fishing season is timed to 
open afer spawning, Then Hogan is off to the 
Amazon—for him, aqua nova—to study the 
arapaima. “The idea is not to go in and take 
over arapaima research,” he says; its to get a 
snapshot of the fish’s conservation status. 
“Zeb tries to involve local scientists,” says 
UBC's Baird, Other megafishes on other con- 


tinents await Hogan's attention in 2008 and 
2009. At the same time, UW's Olden cautions 
not to lose sight of the smaller picture, “We 


raced to recognize that both the giant and tiny 
fishesof the world areat risk of global extine 
tion,” he says. 

With the threat of extinction growing by 
the day for some megafishes, Hogan has 
redoubled his efforts to get the looming 
catastrophe to resonate with the public, The 
toughest crowd to reach may be the policy- 
makers who are best positioned to protect 
the fishes. “There's slow movement for- 
ward.” says Hogan, who last year was 
appointed scientific councilor for fish for 
the U.N. Convention on Migratory Species, 
“There's not a lot of concern, but ther 
more concern than there ever has been! 
says. This is 
road, cautions SUN’ 
tions will only come from m 
sciemtfic investigation, education, nego! 
ion, and maybe, in some cases, 
he says. 

‘Some experts say that the battle to 
aziant fish will be won or lost inthe Mekong, 
‘The Mekong represents our last, best 
chance,” argues Dudgeon. Pollution levels 
on the river are not horrendous, he says, and 
the lower Mekong still mostly follows its 
natural flow. Moreover, millions of people 
depend on the river, Fishery resourc 
a part of the cultural fabric of rural | 
the Mekong Basin.” notes Mollot, Thus for 
the Mekong giant catfish and other fresh- 
water whoppers, Hogan's success at trans- 
lating concern into action may mean the dif 
ference between a resurgence in the wild 
and a gloomy existence as the last living 
representatives of their species 
RICHARD STONE 


he 
he first step on a long 
's Stewart, “Real solu- 


years of 
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SPECIES CONSERVATION 


Can the Bald Eagle Still Soar 
After It ls Delisted? 


Scientists hope that new rules will ensure the survival of a national symbol once it’s 


dropped from the endangered species list 
Just 40 yearsago, the bald eagle seemed headed 
for extinction in the conterminous United 
States, Nesting females were accidentally 
crushing their eggs, which were weakened by 
the ubiquitous insecticide DDT. Populations 
spiraled downward. By 1963, only 417 pairs 
\were still raising young in the lower 48 states. 

But the national icon began to bounce back 
afler Congress banned DDT in 1972 and passed 
the Endangered Species Act (ESA) in 1973, 
Last year, there were nearly 10,000 successful 
breeding pairs. “Its one of the grea 
success stories in the history of this country.” 
satys attomey John Kostyack of the National 
Wildlife Federation in Reston, Virginia, 

Now, the U.S, Fish and Wildlife Service 
(FWS) in Washington, DC.,is poised to declare 
vietory for the majestic avian by removing the 
bald eagle fromits list of threatened 
species by a court-ordered deadline 
of 29 June. Bald-eagle experts 
agree with the move, although 
some argue that a small population 
in the Southwest isn’t ready for 
delisting. Many remain worried, 
however, about how well new rules 
to protect the birds will be enforced 
‘and the extent to which populations 
Will be monitored. They also call 
for safeguards to prevent develop- 
ment from encroaching on the 
binds’ remaining habitat. 
gles will bea testcase,” says 
conservation biologist Bryan Watts 
of the College of William and 
Mary in Williamsburg, Vis 
What happens once 


‘Number of breeding pairs 


lot about how 
Nicts between 


delisted, says Watts, “will 
‘our culture will handle other co 
landowners and species.” 


Act two 
FWS, which is legally responsible for making 
sure species don't falter once they are delisted, 
first proposed removing the bald eagle fromthe 
endangered species list in 1999, ESA considers 
species to be fully recovered when the threat 
has been reduced, extinction is unlikely, and 
there is little chance of the species becoming 
endangered a; in the forese 
future.” To meet those x 
recovery plans for different regions of the coun- 
try that spelled out specific targets and 
“approaches to achieve them. By 1999, eagle 
populations exceeded the goals. In 2005, the 


r 48 State 


Year 


Upswing. Banning DDT has helped the national population of breeding 
bald eagles to grow. The data come from state surveys, which are not all 
done every year. 
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In transit. New rules will allow bald eagles to be 
‘moved from airports and other dangerous locations. 


Pacific Legal Foundation (PLF) in S: 
mento, California, sued FWS for 
ing the delisting process ontime, A U: 
judge agreed and ordered the agency to 
its listing proposal. 

FWS staff have spent years trying to smooth 
the transition from the ESA to a 1940 lav, the 
Bald and Golden Eagle Protection Act 
(BGEPA), that was designed to prevent people 
from shooting eagles and has remained on the 
books. On I June, FWS proposed new regu 
tions under the old law intended to prevent any 
activity “likely to cause, based on the best scien 
ic information available,” harm to the birds, 
That [language] was a sigh of relief,” says 
James Bednarz, a conservation biologist at 
Arkansas State University, Jonesboro. It 
replaced earlier language that biologists worried 
would have prevented enforcement officers 
from acting until after damage had been done. 

The new rules also make the BGEPA more 
flexible than it used to be, Forexample, wildlife 
managers would be permitted to remove nests 
near airports and transport eagles to safer loca- 
tions. As with the ESA. landowners will be able 
toapply for permits for activities likely to affect 
the binds, such as building a road near a nest. 
Permission will be granted if there is no practi 
cal alternative and the landowner proposes 
some waty to mitigate the potential harm by, 
not building the road during nesting se 
The agency will accept public comments. on the 
rules until 4 September. This month, PLF said it 
may challenge the new definition of “disturb” 
too broad and that it would make the BGEPA 
the functional equivalent of the ESA. 

Although biologists agree that there are 
healthy populations of bald eagles in most of 
the country, one exception may be the South- 
west. The population there has 
srrown, from three breeding pairs in 
1971 to43 in 2006, but some scien 
tists don’t think itis lange enough to 


remain stable, Last year, a panel of 
scientists assembled by the Raptor 
scientific 
develop- 


ment still poses. significant threat 
and that the population is vulne 
ble because of low productivity and 
high mortality. “They're not ready 
to be delisted yet,” says Steven 
Sheffield, a wildlife biologist at 
Bowie State University in Mary 
land. who chaired the panel. 

But most biologists contend 
delisting is the right thi 
even in the Southwest. Gi 


* 
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Hunt of the University of California, Santa 
Cruz, who studied the bald eagle population in 
the 1990s, says the Arizona Game and Fish 
Department—which signed a multiageney 
conservation agreement in January to prevent a 
decline of the species—doe: 
serving the existing habita 


Dod job of con- 
“IF this population 
does start having problems, you would see it 
coming and could make regulatory changes” 
The Center for Biological Diversity (CBD) 
an advocacy group in Tucson, Arizona, doesn’t 
‘Want to take any chances, however. The group 
petitioned FWS last year not to delist the South- 
‘west population and sued after the agency did 
not respond by its own 90-day deadline. The 
case ispending before the U.S. District Court in 
Arizona, and Kieran Suckling of CBD says he 
may ask the court to put the delist 


n hold 


nationwide until it resolves the matter. 


POPULATION GENETICS 


After delisting 
‘Once populations are delisted. attention will 
shift to how well the new rules are enforced. A 

will give some 
pression that they 
can disturb eagles, Watts says. "We get calls all 
the time from developers waiting for delistin 
because they think protections will be reduced 
reat deal.” Watts believes that stiffer 


major concern is that delistin 
landowners the erroneous: 


enforcement after delisting will be needed to 
¢ that the eagle is still pro- 


convey the messa, 
tected and that penalties apply. 

Watts and other biologists worry that 
states, which traditionally do most of th 
itoring, will slack off 
delisted. Monitoring will be even mor 
tant then, says Watts, to shed 
pacted by delist 
be the most interesting time in 20 y 


impor- 
how a 


species isi 


Population Geneticists Move 
Beyond the Single Gene 


Genetic information about large numbers of individuals 


a population geneticist’s 


dream come true. But it can also be a challenge 


For much of his 14-year career as a popu- 
lation geneticist, Lluis Quintana-Murei of 
the Pasteur Institute in Paris, France. has 


focused on nes at a time, 


ne or bWO g 


try- 
ing to understand their history durit 
human evolution as well as any roles in pre- 


venting or causing disease today. That so- 


called candidate gene approach has worked 
well, within limits, 
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ncing the human 
nes (NATI and 
ak 
s and carcinogens, in 


For example. by sequ 
N-acetyltransferase 
NAT2), which code for enzymes that br 
down various dru 
13 groups of people from around the world, 
he and his colleagues determined that the 
enes have led quite different lives down 
igh the ages. As they reported last year, 
NATI's DNA sequence has held fairly con- 
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s. FWS officials admit they will spend 
fewer dollars on eagles once they are delisted, 
and many states are likely to follow their lead, 
That's not necessarily a bad thin 
admit, if it fe 


researchers 


up resources to help other 


endangered species in dite straits. 

Ultimately, the fate of the bald eagle is 
likely to rest on the amount of suitable habitat 
That puts the onus on state and local govern- 


ments to control development as best they can, 
and on citize anage their land with 
in mind. But that may be a tall order. 
For example, real estate values along the 
Chesapeake Bay, which is home to a large 
population of eagles, have skyrocketed, 


increasing pressure to develop land, The 

eagles, Watts predicts, “won't recover from 

suburban sprav! like they did from DDT” 
ERIK STOKSTAD 


Genetichistorians. Researchers have started to use 
large-scale genome data from people worldwide to 
lear about human evolution 


stant, with few differences seen within and 
among the groups. But NA72's sequence 
varies significantly from group to group, 
with one variant much more prevalent in 


people from western and central Eurasia, 


suggesting that it conferred a survival 
advantage for the agriculture lifestyles that 


developed in those regions. 

Looking for such selection in NAT/ and 
NAT2 makes sense given that their function is 
known, But, says Quintana-Murei, 


times a gene can be involved in a disease, but 
you would never have imagined that or never 


have chosen it in a candidate approach.” 
So, beginning last year, he broadened his 
earch for evolutionary imprints to the entire 


mic landscape. He looked for positive 
selection across the HapMap, a massive data 
set chronicling subtle DNA sequence 
char 


es among four groups of people 
around the world, as well as across another 
survey of human variation among American 
ethnic groups conducted by Perlegen Sciences 
Inc. based in Mountain View, California, As 
nes 


expected. the search turned up many g 
underlying physical fea 
and hair color, havir 

well as genes involved i 


such as skin 


been selected for, as 
fending off 
pathogens. However, “what's surprising is, 
that we found quite a lot of genes of unknown 
function that showed extreme differences 
[between] populations,” says Quintana- 
Murei. “For the moment, we don’t know 
What they are doin 

Quintana-Murei’s whole-genome approach 
is the future of population genetics. he and 


sciencemag.org 


most others in the field contended at a recent 
meeting in France.* But the transition from 
studying candidate 
population genomics is proving tricky 
Although high-throughput DNA sequencing 
provides extraordinary amounts of human 
gene sequence for analysis, population 
geneticists admit that they are struggling to 
‘come up with the statistical tools and theoret- 
ical frameworks to make 
data are comi 
keep up” says Noah Rosenber 


es to what some call 


rg. a mathemat- 
ical population geneticist at the University of 
Michigan, Ann Arbor, 

Still, most in the field are confident that 
they will develop the needed databases and 


techniques to better handl 
available human DNA sequences. And they 
anticipate huge rewards as they meet those 
challenges, “Having a genome’s worth of data 
has completely changed the fave of population 
genetics,” says Gil MeVean of the University 
‘of Oxford, UK, Laurent Excoffier, a compute 
tional biologist at the University of Bern, 
Switzerland, is even bolder, “These recent 
developments have meant the end of single 
[gene] analyses," he contends. 


he explosion of 


Strength in numbers 
For population geneticists, finding where 
‘evolution has left its mark in a genome is the 
pot of gold at the end of the rainbow. They 
seek genes that have changed at different 
rates in different populations and use those 
Variations to reconstruct human history. The 
field has been steeped in theory, with data, 
especially on humans, dribbling in a few pro- 
teins or DNA bases at a time. “The problem 
with population genetics is there's a lot of 
hand-waving arguments, but it’s difficult to 
make precise sta ents” because 
of a lack of data, says Thomas Bataillon, a 
population geneticist at the University of 
Aarhus, Denmark. 

Now the genomics revolution, brought 
about by high-throughput sequencing centers 
that decipher DNA by the millions of bases a 
day, promises to put researchers on firmer 
ground. Having hundreds of gene regions at 
their fingertips is helping them get a better 
sense of when evolution underlies the changes 
inthe genome they see, When. particular gene 
variant confers a survival advantage for a 
group of people, for example, the resulting 
positive selection will make it more common 
in that group than expected by chance alone. 

But just because a variant stands out 
doesn’t guarantee that it played a key role in 


“The Jacques- Monod Conference on Evolutionary 


§ 
3 
5 Genomics, 2-6 May, Roscolt, France. 
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Peopling the Americas. A novel gene variant 
suggests that native North and South Americans 
(above) share a common ancestry 


evolution, Twists of fate could have increased 
its prevalence. Sometimes a small group of 
people migrate. taking with them only a subset 
ofa gene's variants, Asa result the frequencies 
of those particular variants in the migrants will 
likely be inflated compared with those of the 
source population, but not because of selec- 
tion. “The main problem is to distinguish 
‘what's due to demographics and what's due to 
selection,” says Quintana-Murci 

Here is where strength in numbers comes 
into play. In theory. any demographic factor 
say, a sharp decline in a population—should 
take a toll on the whole genome, affectin, 
enes to an equal degree. In contrast, natural 
selection would affect specific parts, only 
those few genes in which a particular variant 
improves a person’s chances of survival 
Therefore. the more genes population geneti- 
cists compare, the better. “With genomewide 
data, you will get a much better handle on the 
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demography.” says Rasmus Nielsen of the 
University of Copenhagen, Denmark. “Weean 
now much [more] reliably identify regions 
which have been targeted by selection.” 

Ina few cases, what once seemed an impor- 
tant genetic event evolutionarily speaking has 
‘ceased to stand out afier comparison tochanges 
across the rest of the genome. Two years ago, 
researchers discovered skewed distributions for 
anallele ofa gene called microcephalin and for 
a Variant ofa gene called ASPM, both of which 
regulate brain growth, The research team caleu 
lated that a certain microcephalin allele 
appeared around 37,000 years ago, about the 
same time Europeans began showing symbolic 
behavior, according to anthropological evi- 
dence, The group found this allele in 75% or 
more of Italians, Russians, and Han Chinese, 
but in just 30% ofthe Tanzanian Masai and in 
less than 10% of two other African groups 
tested (Science, 9 September 2008, p. 1662). To 
some, that suggested the allele gave early Euro 
ppeans a mental boost 

Since then, other researchers looking at 
more places in the genomes of people from 
similar populations have called this conclusion 
into question: The frequencies of that brain- 
sizeallele tumed outto be not significantly dif- 


ferent from frequencies of alleles for other 
genes seen elsewhere in the genome (Science, 
20 April, p, 370), That argues against selection 

“The [new] analysis suggests that 


for the alle 
there is nothing special about this gene, popul- 
lation genetically speaking,” says Nielsen, 

Rosenberg has also employed genomic 
4 particular finding to the tes. 
1m has recently found a novel genetic 
variant in Native Americans, The variant isn’t 
part of a gene but instead is located at a short 
repeating stretch of DNA called microsatellite 
D9S1120, he explained at the meeting in 
France. (He and Kari Schroeder and David 
Smith of the University of California, Davis, 
also reported the data online 13 February in 
Biology Letters.) This variant appears in about 
‘one-third of more than a dozen native North 
and South American groups but very rarely 
anyplace else in the world except in two groups, 
in Northeastem Siberia 

Rosenberg and colleagues initially thought 
this variant may have been selected for because 
it helped the people who came across the 
Bering Strait and populated North America 
cope with their new environs, But when the 
researchers looked more broadly atthe popu 
tion variation in hundreds of other miero- 
satellites, they ruled out natural selections the 
reason for the original variants prominence 
among Native Americans. The extent of vat 
tion for the D9S1 120 microsatellite was the 
same as for other microsatellites not under 
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selection. “Colonization of the Americas 
from a small founding population provides 
a much better explanation of the pattern,” 
says Rosenberg. 

Still, even without being a ta 
tion, the microsatellite originally found by 
Rosenberg and colleagues has proven interest- 
ing. Some researchers propose that multiple 
\waves of migrants from different parts o 
moved into the Americas, citing the existence 


ly high frequency in all 
Native Americans, however, suggests a single 
ancestry, ads Rosenberg 


Surfing on a genome 
Although population genomic approaches 

are illuminating new leads and eliminating 
false ones, Rosenberg and others are finding 
they sometimes need to temper their enthusi- 


Gene Frequency = 0.10 


inal 2005 HapMap paper failed to address this 
bias adequately in its initial results. Nielsen 
predicts population geneticists will be better 
off once sequencing costs drop enough for 
researchers to sequence entire genomes of the 
people they study: “Although this data will 
have its own problems, it will allow the field of 
human population genetics to finally move 
forwardand put the problems of ascertainment 
biases behind us.” 

Researchers are also discovering that the 
idea that demographic history affects the entire 
‘genome equally is too simplistic, thus limiting 
the ability of genomic analyses to positively 
identify that a gene variation’s prominence is 
the result of natural selection. Excoffier has 
been studying a phenomenon called “surfing. 
\which he thinks could also explain the appar- 
cent increase in frequency of brain-size genesin 
certain populations (Science, 14 July 2006, 


Chance occurrence. A computer simulation shows that over the 1400 generations it took for Aricans to 
‘expand into and populate Europe and Asia, gene variants can by chance increase quite abit in frequency 


but to varying degrees indifferent places 


‘asm, Until sequencing of entire individual 
genomes becomes feasible at a reasonable 
cost and effort, whole-genome data sets are 
not quite “whole,” and that incompleteness 
can trip up researchers, For the current 
HapMap, the problem lies in what went into 
the survey. Because the single-nuc 
polymorphisms (SNPs) catalo; 
HapMap initially came from studies of just a 
few dozen people. they include only the most 
‘common of these base differences. But popu- 
lation geneticists need to be able to evaluate 
the full repertoire of SNPs. including rare 
base changes, in order to interpret the pat- 
terns of variants they see. They can adjust 
their analyses to factor in a bias toward com 
mon SNPs. if they know exactly how those 
SNPS were found, But HapMap’s researchers 
used a variety of criteria, sometimes relying 
‘on human-chimp differences, other times on 
human-human differences, to identify the 
SNPs, making it virtually impossible to com- 
te forthe bias. 

“There are a number of studies that cannot 
be done because of the problems with the 
data,” Nielsen complains, noting that the orig 


p. 172). On the ovean, surfers cateh a ride on 
the front of a wave; “surfing” in 
sense refers to gene variants harbored by the 
ing edge of a population that is expanding 
into new territory. Computer simulations show 
that individuals on this leading edge will 
sometimes simply by chance be more prolific 
than individuals closer to the home base. This 
Jeadsto.a disproportionate increase in any vari- 
ant possessed by the trailblazers—even though 
the variant might not enhance survival in any 
\way. Thus. even when the change in frequenc 
affects just one gene, “we can’t be sure i 
selection any more,” says Excoffier, 
Finally, the genome itself can play tricks 
‘on population geneticists, as processes such 
‘as recombination also shape allele frequet 
cies. McVean has been tracking down the 
DNA sequences where chromosomes pai 
recombine, swapping equivalent pieces of 
DNA. With the compiling of the HapMap, 
researchers realized that such recombination 
‘occurs in specific hot spots. Almost half of 
the 30,000 recombination sites now identi- 
fied are packed into 3% of the genome. These 
hot spots can play havoc with attempts to 


determine how long ago any nearby gene 
variant arose, a key step in determining 
whether that variant is undergoing selection. 
“Iv’s important to take [hot spots} into 
account,” says Laurent Duret, a computa- 
tional biologist at Claude Bernard University 
in Lyon, France. 

Recognizing that need, MeVean and his 
colleagues in 2005 figured out that hot spots 
ofien includeda signature DNA sequence. At 
the meeting, MeVean described a second sig- 
nature sequence, located just a few ba: 
from the first one he and his colleagues 
found. He found that second sequence by 
analyzing new SNP data collected as part of 
the second phase of the HapMap project. The 
‘wo signatures exist in 40% of the hot spots, 
recombination is 20 times more 
ly to occur than at an average spot on a 
chromosome. These results should help them 
and others better factor in the effect of recom= 
bination as they evaluate the age and impor- 
tance of particular alleles 

As population genetics becomes popula- 
tion genomics, researchers need to come up 
with better theories for analyzing the patterns 
they detect. “To interpret all the variation we 
see, we have to develop models of sequence 
evolution, taking into account demography 
‘and molecular processes” such as recombina- 
tion, says Duret, In addition, population 
geneticists are desperate for better statistical 
methods for studying lots of genes at once, “If 
weare to make use of the kind of data provided 
by thisnew technology, we will need arigorous 
statistical basis for its analysis,” says Darren 
Obbard of the University of Edinburgh, UK. 
Researchers such as Nielsen are working on. 
new methods, but they still have a long way to 
go to make these approaches easy for the rest 
of the field to use, "We're lacking simple, 
efficient software,” says Thierry Wirth of the 
‘Natural History Museum in Paris, 

The genomic gold rush may pose other 
problems, too. As the sequencing of individ- 
ual genomes becomes more common, the 
demands on data storage will skyrocket. And, 
says Excoffier, “to be really sure that selection 
is acting, one would need to get some func- 
tional evidence” for how a gene variant aided 
people. But, he notes, genes identified 
through these lange-scale studies are often not 
‘well characterized. 

Nonetheless, the promise of cheap 
‘sequencing and of data sets that cover most i 
notall ofthe human genome is great for popu- 
lation geneticists. With them, says Rosenberg. 
“we'll be able to get closer to the limits of 
what's possible to know about human evoli- 
tionary history on the basis of genet 
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Congress Splits Over Plan to 
Consolidate Intelligence Research 


U.S. intelligence agencies need new surveillance tools to fight global terrorism. But it's 
not clear how they should carry out the necessary research 


In October 1962, U.S. reconnaissance air- 
planes provided evidence that the Soviet 
Union was building up an arsenal of warheads 
on Cuba, only 150 km off the Florida coast 
Those pictures led to hi 
the two superpowers that averted what many 
believe could have been a nuclear war 


In hindsight, intelligence experts say that 
finding missile sites was a piece of c 
pared to the surveillance challenges in the post- 
9/11 world. Unlike during the Cold War era, 
they sty, intelligence agencies today must track 
not only government military installations but 
also terrorist networks and individuals. To meet 
that challenge, the Director of National Intell 
gence (DN1), Michael MeConnell, has pro= 
posed cobbling together existing US. research 
and development (R&D) programs at 14 agen- 
cies intoa new organization. Modeled on the 
Defense Advanced Research Projects 
Agency (DARPA), the proposed Intelli- 
gence Advanced Research Projects Act 
(ARPA) would be built m 
the Intelligen 


(CIA), the Advanced Research and Devel- 


opment Activity (ARDA) at the National 
ney (NSA). and the National 
All the National 

Geospatial-Intelligence Agency 


Me 
stimulate lon 


ell says the new arrang 
ange research on the gather- 
nce that now falls 


outside the mission of a particular agency 
“Weare ina rut right now, tuming the crank on 
the same technologies.” says IARPA's 
director Steven Nixon. “What we need to dois, 
swing for the fence 

But Congress is divided over the plan. The 
House version of the 2008 Intelligence Autho- 
rization Act passed last month contains lan- 
guage that forbids DNI from merging any 
existin eh programs under ARPA. 
“They are creating just another agency looking 
fora piece of the pie that will push theirown pet 
rocks.” says Representative Heather Wilson 
(R-NM), who thinks that McConnell’ office 
should instead continue to coordinate programs 
run by each intelligence agency. Wilson and 
others worry that the new organization mi 
end up subsuming the entire science andl tech- 
nology operations of individual agencies, leav- 
them with no science portfolio oftheir own 

Two weeks later, however, t 
endorsed the idea when it passed its version 
of the overall bill. “We think IARPA can fill 


res 


says a Senate aide, who expects the plan to 
survive when the two bills go to conference 


this fall. “It an invalid concern that ARPA, 
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Invisible threat. U.S. intelligence agencies say 
spotting missile sites in Cuba in 1962 was, 
technologically easier than today's task of 
Snooping on teroriss 


is suddenly goi 
manager for all the 


1 become the program 
jence that’s done by the 


intelligence community.” 

DNI officials say the new agency, with its 
40 program managers headquartered in leased 
space at the University of Maryland in Col- 
lege Park. is needed to keep pace with the rap- 
idly evolving threat of global terrorism. 
TARPA would sponsor basic and applied a 
demic research on intelligence-related topics 


such as machine translation of foreign lan- 
guages, pattern recognition, and quantum 
ryption with ademia, national 
labs, and industry. 

Although President George W. Bush's fis- 
«cal year2008 budget request asks Congress for 
‘only a modest inerease in 2008 over the sei- 
ence budgets of IARPA’S constituent pro- 
grams, DNI officials hope for a 
bling of current budgets. The size ofthe budget 
is classified, but outside experts speculate that 
the intelligence agencies are now spending 
between $250 million and $350 million on the 
programs IARPA would consolidate, 

Researchers seem enthused by the plan. “It 
seems likely to me that an integrated approach 
to tackling “grand challenge™-type R&D could 
yield a greater return on investment,” says Ruth 
David an electrical engineer who once led CIAS 


science and technology directorate and now 
runs Analytic Services in Arlington, Vinginia. 

nt programs funded by CLA or NSA 
strive to develop products that can “immedi- 
ately plug into existing intel analysis, 
ays Mark Steyvers, computer sci- 
centist at the University of California, Irvine, 
who has done unclassified researeh for the 
CIA on extracting meaningful text from huge 
data sets such as e-mail chatter on the Internet. 
But he says those products lack broader appli- 
vets predicts that [ARPA would 
+ collaborations” 


between 


es such as computer science, statis- 
ics, and the social sciences. 

TARPA plans to seek exactly those kinds of 
interdisciplinary proposals, says Nixon, with 
an eye toward decoding chat-room conversa- 
tions between terrorists and monitoring 
‘weapons and people in othenwise inaccessible 
regions. “During the Cold War.” says Nixon, 
“we had big monolithic targets, and so we 
needed technologies to answer questions like, 
“Where the airfield, and how many bombers 

Now. the targets have shrunk, 
lover the place: 

~YUDHIJIT BHATTACHARJEE 
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edited by Etta Kavanagh 


The Utility of Standardized Tests 


IN THEIR EDUCATION FORUM “STANDARDIZED TESTS PREDICT GRADUATE STUDENTS’ 
(23 Feb,, p. 1080), N. R. Kun 
examining standardized test scores 


succes 1 and S, A. Hezlett synthesize the results of studies 


nd performances in graduate school. They conclude that 


standardized tests such as the GREs are good predictors of professional success. They consider 


thn oups. They also take into 


and reject possible biases such as racia 
account the possibility that the 


biased by their knowledge of 


;valuators of success (for the subjective measures) might be 


\lividualls’ test scores. Kuncel jot, however, 


consider the causal basis for their observed correlations, 


An underlying assumption to their study is that, given the control forthe above-mentioned 


n test scores and success are due to causal links 
n aptitude and performance. That is, they postulate 


biases, any observed correl betwe 


between aptitude and test score and betwes 
{Wo parallel causal chains 

Greater aptitude—sHigher scores AND Greater aptitude—»Better performance 

Kuncel and Hezlett do not, apparently, account for other possible causal links between test 
score and professional success that could affect the interpretation of their observed corre! 


tions, Such causal connections could create strong correlations in which the role of test score is, 


quite real but occurs because of the way external actors (not the students) react to such scores. 


This situatic 


involves an indirect, though distinctly causal, role for test scores. 


One such indirect causal link is the fact that students with high GRE scores tend to be the 
‘ones who receive b 


cer support in the forms of fellowships, plum research and/or teaching 
assistantships, and, in some cases, direct support from the university for their research as part 
Of their recruitment package. This superior financial support allows them to get a head start on 


their careers, publish more, get hetter jobs, and, in many ways, outperform those stu- 


dents whose support levels are lower and/or who have to devote 
. work (e.g., teach) 
My tuition and livin 

A related point is that there are studies that a“gified” 
label for students can be self-fulfilling. There have been numerous 
the extent to which 
teachers’ expectations can influence students’ performances on 


dur for 


faduate school to provide funding 


discussions in the education literature as to 


lay nce or achievement tests and similar studies in the work- 
% 

@_ Place literature on supervisors” effects (1-3). Ths instructor or 

} supervisor effect may be an important point for graduate perform- 

ance as well; faculty members will probably clamor to work with 


the students who seemed most attractive in admissions and may 
spend more time with those students than with the lower-scoring one: 

pbeyor 

The phrase “correlation is not necessarily causation” has be 


thus giving the high scorers a id financial advant 


ome 
ingrained among those scientists whose work involves correlative analyses. An equally impor- 
tant, although less loudly trumpeted. truism is that different causal links can lead to similar correl- 


ative relationships. In the case of test scores and professional success, the causal paths may be the 

‘ones apparently implied by Kuncel and Hezlett. Alternatively, the tue chain of causality may be 
Higher scores—Better intellectual and/or financial support—>Better performance 
Obviously. these different causal mechanisms sug 


agest very different policy responses to 
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the observed correlations between scores and 


performances. A challenge is to try to under- 
stand how fellowship and graduate programs 
treat applicants and students with different 
and how that treatment might lead 
to different performance outcomes. Kunce! 
and Hezlett take an important first step 


toward this understanding in demonstrating 
hs of obs 


the stre ved correlations, but 


their study says nothing about the actual 
causal chains at work, 

(MANUEL LERDAU* AND CHRISTOPHER AVERY? 
‘elandy Experimental Farm and Department of Environmental 
Sciences, University of Vaginla, Charlottesville, VA 22904, 
USA. *kennedy School of Government, Marvard University, 
Cambridge, WA02138, USA 


"To whom correspondence should be addressed. E-mail 
lerdau@viginiaedy 


References 
1. EE jones, Science 234,41 (1986), 

2. R Rosenthal, Eve, Res. 16,37 (1987). 

3. erin M. Gold, J, Org0n Behav. 22,913 (2000), 


IN. R. KUNCEL AND S. A. HEZLETT PRESENT AN 


enthusiastic case for 


dardized graduate 
school admissions tests. Their terms “predict” 
and “success” are problematic. They show a 
0.4 correlation between the test scores and 
first-year graduate grades and between test 


scores and other graduate grades, but 0.4 is a 


limited predictor ofan effect, The study shows 


much lower correlations between test scores 


and research productivity, citation counts, and 
degree completion, The essence of a success- 
ful 


able professional, not someone who passed 


Juate program is the production of an 
a few courses. 

The authors concluded with more moder 
te statements that standardized tests 


ful predictors of subsequent performance in 
graduate school and that they have positive 
and useful relationships with accomplish- 
ments. Their findings are more appropriate to 
master's programs, for which grades are the 
major requirements, 

For doctoral pr 


smaller part of the picture, Test data on what a 


college student remembers cannot predict 
how the student will use new information to 
think in creative and original pattem: 
complex research tasks, and explore the 
unknown, Completing a doctoral dissertation 


requires financial resources, social skills, 
gressiveness, creativity, persistence, resilience, 
managerial skills, motivation, ability to work 
independently, family stability, health, and 


luck. There is a 


compatibility 
The re 
judge student applications 


rejection, An interesting aspect of the data 


presented is that the Miller Ana 
(MAT) predicts 
six more expensive tests such as the Gi 


Record Examination (GRE), If we must test, 
Why not go the cheap and simple route? 
BERNARD BROWN 


Rockville, MO, USA 


J for qualitative measures 
that predict student-graduate program 


purpose of admissions tests is to 
the cheapest 
possible price that justifies acceptance or 


ies Test 
uate grades as well as the 


THE EDUCATION FORUM BY N. R. KUNCEL 
and S. A. Hezlett is scientifically unsound 
and socially reprehensible, The authors, edi- 
tors, and approv 

responsibility for publication of a report that 
is fundamentally flawed, but that, if unchal- 
lenged, could set back hard-won pr 
toward reduci ir discrimination in 
faduate school admissions by decades, 
Members of admissions committees who are 


eviewers must all be: 


prone to unfairly discriminate against under- 
represented g 
use Kuncel 


raduate school applicants may 
nd Hezlett’s work to justify 


excluding students solely on the basis of the 


authors’ erroneous assertion that test scores 


commonly evaluated for graduate scho 


admission predict future graduate and post- 


Juate performance. Kuncel and Hezlet 


www.millipore.com/OneBook 


write, “Accurately predicting which students 
are best suited for postbaccalaureate gradu- 
ate school programs benefits the programs, 
the students, and society at large, because it 
allows education to be concentrated on those 
most likel * Even if standardized 
testing could identify students who were 


to profi 


‘most likely’ to profit” from a graduate edu- 
cation, only a crude, backward society 
would actively seek to limit opportunity in 


this manner. However, standardized testing 
cannot do this, Kuncel and Hezlett make the 


element 


Fy error of equi sate Cor 


relations with predictive power, Nothing in 
their analysis permits an admissions com- 
mittee to look at an appli 
and validly predict what that student would 
accomplish in the graduate program or their 
thereafter, In fact, even their misrep- 


ant’s test scores 


resented correlation analysis has obvious 
flaws, No attention is given to the likelihood 
that the specific test score distributions of 


unfairly discriminated groups will differ 


substantially from that of the larger majority 
group whose distributions predominate in 
the correlation data, Finally, the misrepre- 


sented correlations are themselves over- 
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stated by the authors. More than half of the 
variance in “later performances” cannot be 
attributed to the observed variance in stan- 
danized test scores. 


JAMES L. SHERLEY 


Biological Engineering Department, Massachusetts 
Institute of Technology, Cambridge, MA 02339, USA. 


Response 
LERDAU AND AVERY RAISE THE IMPORTANT 
issue ofthe nature of the causal links between 
test scores and student performance. Clearly, 
scientists cannot directly manipulate GRE 
scoresto conduct formal experiments, We must 
rely on a convergence of evidence to draw 
inferences about causality, While acknowl 
ing that higher test scores may foster more sup~ 
port, there are many pieces of evidence that 
support the conclusion that test scores measure 
ability and skills and that these abitities and 
skills ead to learning and performance. 

First, the abilities assessed by standardized 
tests have been repeatedly shown to be predic 
tive of complex skill acquisition in field and 
laboratory studies where test scores are not 
known to either the subject or the experi- 
menters (/). Second, these abilities are associ- 
ated with specific brain structures and have 
been shown to have both a sizable heritable 
and environmental component (2, 3). Both 
sets of findings have been replicated across 
multiple studies using different research 
designs and methods, 

Third, there isa literature on graduate stu- 
dents that directly speaks to the questions 
raised by Lerdau and Avery. U.S. National 
Science Foundation (NSF) Fellows are evalu- 
ated and classified into categories based on 
ratings of capability. All students in the 
€ awarded fellowships 
half of the students in the 
Jed fellowships based 
‘on administrative concerns (e.g. the distri~ 
‘bution of awards across fields). 

Within the second category, the treatment of 
receiving a fellowship yields an effect for 
degree attainment (4), Itis indeed true that after 
holding ability effectively constant, the fellow- 


Letters to the Editor 


ship has an effect, quite possibly due to both 
resources and expectations. However, the ma 
nitude of this effect was 0.07 for degree attain- 
‘ment in contrast to 0.22 for the GRE and 0.39 
forthe GRE Subject tests. A second study c 
pared students who all received a NS 
Fellowship but were either in the first or the 
second ability categories (5). A student's actual 
category placement is not reported to students 
or universities. Therefore, this study controls 
fora very lange and prestigious environmental 
resource that would (if anything can) produc 
sizable expectation effects. Even with the same 
fellowship in hand and despite tremendous 
restriction of range in ability. those in the first 
to finish the Ph.D., 
jigh-ranked depant- 
‘ment, and win grants than those in the second 
category. Effects for both studies are of pract 
cal importance but modest size, with generally 
22 t0 7% increase in positive outcomes. 

Finally, Lerdau and Avery suggest that the 
literature they cite applies to graduate schoo! 
programs. We are inclined to agre 
extent, but note that their citations are based 
on a quasi-experimental contrast betwei 
performance outcomes for one group (typi- 
ally children or military per- 
sonnel) that is falsely pre- 
sented to a teacher or supervi- 
sor as having demonstrated 
superior aptitude versus a sec- 
cond generally equivalent con- 
trol group. This is not the same 
asthe hand-picked cohorts of students in do 
toral graduate programs where the contrast 
‘would be between the upper and lower halves 
ofa rather homogeneous group. Would telling 
faculty that one group of students scored an 
average of 1500 versus another group with an 
average of 1400 really produce the same and 
often modest (0.15 for academic perform- 
ance) expectation effects? We conclude 
that high-ability students brought into 
aan environment with high expectations and 
good resouirces are likely to be the best recipe 
for stuccess, Success is not simply a function 
of resources. 

We are in complete agreement with Brown 
that the ‘of asuccessfll graduate pro- 
gram is the production of an able profes- 
sional.” We also agree, and noted in our paper, 
that there are other important applicant 
characteristics that are, unfortunately. poorly 
measured by letters of recommendation and 
the like, including the drive and motivation 
that Brown mentions. However, we stro 
disagree that the tests do not predict much 
‘more than grades. 

Brown overlooks some key findings. The 
cone that speaks most directly to his Letter are 


9 some 


‘Above average 60% 
Below average 40% 60% 


the results for faculty ratings. These a 
evaluations of a student's performance as 
researcher, the quality of their dissertation 
research, their professionalism, and so on. The 
correlations here range from (0.40 to 0.50, Ina 
separate stud we also demonstrated that stan- 
dardized tests are predictive of faculty and 
supervisor evaluations of creativit 
potential, and job performat 
clearly improving our chances of producing 
more able professionals when tests are associ 
ated with an inerease in the level of these « 
ations as well as research accomplishments; 
200d performance on comprehensive, qualify- 
and licensing examinations; an inerease in 
the odds of finishing; and. yes, beter grade, 

Brown's Letter also suggests that these 
relationships are not very large. First, whet 
comes to predicting complex human beh: 
ior, there are few effects that are stronger (7), 
Second, our experience is that many re- 
searchers become accustomed to the size of 
effects in their field and don’t really see the 
utility of even small correlations. A brief 
illustration can help clarify the utility of 
4 0.40 correlation, For simplicity’s sake, 
imagine that we have dichotomized test 
scores at the median 
into above- and below~ 
erage groups with an 
outcome of earning 
versus failing to ean 
the Ph.D. Sixty percent 
earn the Ph.D in the 
above-average group while 40% do so in the 
below-average group. How large is the corre- 
lation (see tabley? 

This is a correlation of just 0.20. Most of 
the results we present are much larger. yet 


40% 


even this correlation yields a 20% difference 
in degree completion. Small gains, across 
multiple outcomes, year after year, improve 


the strength and health of a program. 

Setting aside the hyperbole, Sherley’s 
substantive concerns appear to focus on the 
legitimacy of controlling access to higher edu- 
cation programs, the implications of our Find- 
ings for discriminatory admissions decisions, 
the appropriateness of using meta-analysis of 
correlations, and the influence of score distri- 
bution differences in our analyses, 

We would love to live in a world with 
unlimited resources where all can go to 
the graduate program of their choice and 
pursue the career of their choice, Un- 
fortunately. opportunities and resources are 
limited, and decisions must be made about 
whom to admit given limited faculty, fund- 
c. Neither crude nor back- 
ways been and will always 


be reality. 
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Ifanyone is using our research to justify dis- 
criminatory practices, they should stop. be- 
‘cause it does not provide any justification for 
such practices. Exceptional talent exists in all 
‘groups and should be sought and nurtured. The 
results suggest that score differences are symp- 
tomatic of other social and societal factors and 
are not the result of the tests themselves, 

Our research is based on standard inferential 
statistics used in the social, physical, medical, 
and biological sciences. The correlation is 
transformable into many other effect sizes and 
test statistics and quantifies in our study the 
relationship between. variable measured at one 
time and an outcome measured at a later time. 
This is a predictive relationship. The correla- 
tions are aggregated using meta-analytic meth- 
‘odsthat have been subjugated to numerous si 
ulation studies and are used, again, in numerous 
fields to quantify predictive effects (S-10), 

Our analytic methods are solid, and Sherley 
provides no evidence or citations to indicate 
‘otherwise, That Sherley can in one sentence 
‘argue that our methods do not yield an estimate 
Of predictive power and in another angue that 
the estimate of predictive power is too weak 
suggests that something is amiss with his argue 


ment and logic. This criticism is so puzzling, 
\we wonder if Sherley believes that we present 
weighted correlations between means, which 
‘would be inappropriate, instead of the weighted 
‘of correlations that comprise our data 

is also utterly wrong that we 
on “to the likelihood that the spe 
cific test score distributions of unfairly dis- 
criminated groups will differ substantially 
from that of the larger majority group.” We 
explicitly discuss research (over 20 citations) 
that examines relationships for racial and 
gender groups separately both in the artic! 
and the SOM. This research finds that the 
relationship between test scores and aca- 
demic performance is effectively the same 
across groups. This fact is recognized by 
some of the strongest advocates of affirma- 
tive action (11) 

The items in standardized tests measure 
making decisions afier interpreting a table 
of data, using algebra to solve a problem, 
eading a passage and drawing inferences 
from the text, and knowledge of core disc 
pline-specific concepts. These are valuable, 
Sherley’s Letter effectively argues that obje 
tive assessments of these skills should not be 
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a part of graduate admissions because mem 
bers of some groups currently do not do them 
as well as other groups, We feel that this is the 
most damaging and unsound position of all, 
because itis so very clear to us that they can, 

NATHAN R. KUNCEL? AND SARAH A, HEZLETT? 
{Department of Psychology, Unversity of Minnesota, 75 
East River Road, Minneapolis, MN 55455, USA. Personnel 
Decisions Research institutes, 650 Third Avenue South, 
‘ute 1350, Mioneapos, MN 55402, USA 
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CORRECTIONS AND CLARIFICATIONS 


News ofthe Week: “Meanie, backn Washington." by Eich (11 May, p 813). On the 
‘agra, the esos path of 167 ill metic tors shuld be labeled Waxmsn Plan” The 
Neair-ebeman plan bes between the 203 -billon-mebc ton and 287i metictn carves. 
Policy Forum: “Envionmental biclogy and human disease” by D.Schmart and F. Clin 
(4 May, p. 695). The autho affilations and cntactinfommation were omitted. The authors 
ate wth the National insite of Health, Betesda, MD 20892, USA. David Scart the 
author or comespondence. Ema: david schwartag ehh. gow 

Research Articles: “Sigal rom cHoropast converge to regulate nuclear gene expression” 
by 5. Kousseitay etl (4 May, p 725. The ile was shortened fo print, butt should have 
‘emained the same as it was originally pubtshed online: ‘Multiple signal from damaged 
«oroplasts converge ona commen pattmay to equate ruler gene expression.” 

News Focus “Kling whales for science?” by V. Morel (27 Apr. p 532). On page 534, the 
Story paraphrased Lars Walle as saying that Japanese genetic data were importa in eti- 
‘mating minke whale numbers, Walle actaly ced genetic and other tyes of Jpanese 
25 valid, nd described the nongenetic data as being important in estimating minke 
umber. 

Reviews: “The problem wth determining atomic structure atthe nanoscale" by 5). 
Binge and. Levin (27 Apr. p. 561) The reference fo the source atc forthe TEM image 
‘of nanoparticles in Fig. 1C was omitted. The image was adapted from a figure in J. R. 
etude, Kipper, Penyconk, 5. Rowenta, Nanette 4, 1279 (2008). 

Reports: “Protein sequences rom mastodan and Tyrannosaurus rex revealed by mass spec- 
trometry” by JM. Asaa eta. (23 Ar, p. 280). Two authors affiliations mee ste incor- 
«ec. John M.Asara is atthe Dison of Sana Transduction, Beth rae Deaconess Medal 
enter, Boston, WA02115, USA andthe Department of Pathology Harord Medical School, 
Boston, MA 02115, USA. Mary H. Schweitzer a the Department of Marine, Earth and 
“Amospherc Scenes, North Carolina State Univesity, Raleigh, NC 27695, USK: the North 
Carolina Museum of Natural cence, Raleigh, NC 27602, USA nd Museum ofthe Rockies, 
‘Montana State University, Bozeman, MTS9737, USA 

Special Section on Freshwater Resources: Perspectives: “Sekig sstairabity: bets 
‘evolving water management strategy” by A. Ta (25 Aug, 2006, p, 2082), Figre 2, the 


schematic drawing ofthe National Water Carer course, was inaccurate. A more precise map is 
2valable online at hte’ 1/313/5790/1081 po (ee lst page). 


‘TECHNICAL COMMENT ABSTRACTS 


Comment on “Tequila, a Neurotrypsin Ortholog, Regulates 
Long-Term Memory Formation in Drosophila” 

Peter Sonderegger and Laszlo Patthy 

Didelot et al. (Reports, 11 August 2006, p. 851) claimed that Drosophila Tequila (Teq) 
and human neurotrypsin are orthologs and concluded that deficient long-term mem- 
yale leq inactivation indicates that neuotypsin plays esential le for human 
Cognitive functions through asmiar mechanism. Our analyses suggest that Yq and 


neurotrypsin are not orthologous, leading us to question their equivalent roles in 
higher brain function, 


Fu.text at wom sciencemag orgcitcontenUfll31605832/1698b 


Response 10 CommeNT ON “Tequila, a Neurotryp: 
Ortholog, Regulates Long-Term Memory Formation in 
Drosophila” 

Thomas Preat, Jean-Luc Da Lage, Laurence Colleaux, Gérard Didelot, 
Florence Molinari, Paul Tchénio, Elodie Milhiet, Arnold Munnich, 
Marie-Louise Cariou 

Sonderegger and Patty age that te trypsin catalytic domains of Drosophila Tequila 
‘and human neurotrypsin are not linked by an orthology relationship, We present 
analyses based both on BLAST (basic local alignment search tool) comparisons and on 


‘phylogenetic relationships, which show that these two proteases do share an ortholo- 
gous region that includes the typsin domain. 


Ful text at wun sciencemag orgiegcontenviull/316/5832/1698¢ 
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ECOLOGY 


Remodeled Foundations 


Simon A. Levin 


hen I first met Robert May 35 
W fears ago, theoretical ecology as a 
subject did not exist. 


Admittedly, today’s textbooks: 
build heavily on much oldertheo- [i 
retical work, especially that of the 
imellectual giants Vito Volterra 
and Alfred Lotka, Furthermore, 


ob 


the quantitative core of the subject 
is drawn from early developments 
in demography, population genet- 


ies, and epidemiology as well asin 


the description of the distribution 
and abundance of species, But 
Volterra and Lotki were not pri 
marily ecologists: their contributions to thi 
subject, fundamental as they have been, were 
sidelines for them, So, too, the pioneers in 


demography (which sensu strictu refers to the 
dynamics only of human populations), popu- 
lation genetics, and epidemiole 


concerned with ecology, And Frank Preston, 
whose famous papers on ecological abun- 
Ito the field, was first and 


dance remain cet 


foremost an engineer who made his living asa 
consultant to the glass industry. 

The field has come a lon 
played a larger role in that 
growth than May, Theoretical Ecology. a well- 
edited compilation of contributions by so 
of the many people he has influenced directly 
in his career (includ editor, Ang 
MeLean). is testimony to both the matui 
of the subject and May’s own role in that 


inth 


since, and no on 


his « 


process. Thirty-five ye ecological 


problems were little more than amusements 
for mathematicians and physicists. who were 
attracted by the misleading simplicity of mod- 
els and too often had litle rea interest in the 
biology. Today, the subject of ecology isrich in 


quantitative reasoning, built on a strong theo~ 
retical foundation, in large part because of an 
infusion of mathematicians and physicists 
‘who—enchanted not with the simplicity but 
\ith the elegant complexity ofthe subject, and 
deeply committed to the fundamental ecolog 
ical and evolutionary issues—became biol- 
ogists. Inthe vanguard of this transformation 
was Bob May, whose diverse contributions 
not only helped build foundation for theoret- 


The reviewer is in the Department of Ecology and 
Evolutionary Biology, 213 Eno Hal, Princeton Unversity 
Princeton, N} 08544-1003, USA. E-mait: sleving@eno. 
perinceton.ed 


Theoretical Ecology 


AM. May and Angela 
R Mclean, Eds 


ical ecology but also forced demography, epi 
demiology,and nize that they 
prob- 
cal 


senetics to ree 
too must cast the 
Jems within 


framework. 
Do not be misled by the 
fact that the book is billedas 


the third edition, It bears 


very littleresemblance to its 
predecessors, and indeed the 


ject has evolveda great de 
in the past three decades, 
nd May and McLean 
ognized that in their choice of subjects and 
All but two contributors (beyond May 
himself) are new since the previous edition, 
The topics range from the basics (models of 
sit i interacting populs 
pplications (fisheries, conservation biok 


authors 


“species 


infectious diseases, and food product 


n). 
There is no attempt to touch all bases, and rich 
arts of theoretical ecology such as 


autecology, animal movement, and 


ecosystems are barely ment 
Nonetheless, the covei 


broad introducti 


vide: 0 cur 
rent literature of theoretical eco 
ogy and superb integration of 
theory and fact 
The authors of the diverse 
chapters have done outstanding 
jobs of introducin 
rial while prov 
and highly readable discourse: 
somehow, despite the diversity of 
uthors, the whole thing hangs 
ether. am delighted that the 
book has appeared when it has, 


the core mat 


jing entertainin 


because it will be 
when I next teach my course in 
theoret Fexpect that it 
will become a standard text for 
‘many such courses. Nonetheless, 
the appeal should be much 
broader: The book will also serve 


n essential text 


al ecol 


about the theoretical foundations 
of much of ecolo; 
The volume’s broad scope 


reflects the equally broad range of 
topics that May has influenced, 
and he could well have written any 
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‘Andy Goldsworthy's Dandetion Line (2000). 


of the chapters himself, His contributions to 
the development of the theory of chaotic 
dynamics are well known and discussed in the 
chapter by Tim Coulson and Charles Godtfray 
species dynamics, His seminal work 
on the relationship between diversity and sta- 
bility is similarly chronicled in the chapter by 
Tony Ives. Andhis foundational collaborations 
with Roy Anderson, firmly embedding the the- 
ory of infectious diseases within an ecological 
framework, are expertly reported inthe chapter 
by Bryan Grenfell and Matt Keeling. I was 
thus intrigued by the chapters May left for him- 
self, because 1 suspect that these are the ones 
closest to his heart, Beyond the introduction 
with Angela MeLean, there are two, “Com- 
‘munities: patterns,” written with Mick Crawley 


and Geo 


‘Sugihara, is perhaps the most inte- 
grative chapter in the book. It nities classical 
and modern work 0 


species abundance disti- 
butions, food webs, speciesarea relations, and 
community dynamics, relating these to the 
flow of energy and materials. For me, this 
chapter represents what May has long been 
working on: building a synthetic theory that 
shows the unity ofthe diverse windows on eco- 


logical interactions that come from investiga- 


different levels of ot 


I suspect, however, that the last chapter 
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(“Unanswered questions and why they mat- 
ter") isthe one that May most wanted to write, 
because it shows how fur the field has come. 
Initially a distinguished theoretical physicist 
and then a leading theoretician in ecolo; 
May became the chief scientific adviser to the 
Crown and later the president of the Royal 
Society. In parallel, and not just coinciden- 
ailly, theoretical ecology grew from abstrac- 
tion to application, becoming an essential 
tool in addressing the sorts of problems that 
fill the chapters of this book, But now we face 
challenges greater than ever before because 
of their global scope: climate change, the loss 
of biodiversity, the emergence of novel infec 
tious diseases, and the sustainability of 
the services ecosystems provide humans. 
Dealing with these rests on developing a 
more powerful theoretical ecology, reaching 
beyond the foundations that have been built to 
challenges such as understanding how coop 
tion can be achieved in a global commons 
and attaining broader integration of ecology 
with the social sciences and the humanities. 
‘These issues have to a large extent occupied 
May's efforts for the past decade and are a 
fitting finale to the book, The fast chapter 
reminds theoretical ecologists that their work 
has just begun. 
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PLANT SCIENCE 


Explaining Floral 
Diversity 


Beryl B. Simpson 


of the main functions of flowers is 
O: tact onal therefore 20 

‘wonder that humansare fascinated by 
flowers, Theophrastus discussed floral char- 
acters, Linnaeus based his classification of 
plants on floral form, and Darwin devoted 
several books and articles to the forms and 
functions of flowers. Even Goethe. in addition 
to his poetic and musical offerings, felt com- 
pelled to explain the origins of oral struc- 
tures, It has traditionally been assumed that 
selection by pollination vectors, principally 
animals, has produced the myriad of shapes, 
colors, arrangements, and rewards that we 
now find across the angiosperm spectrum. 
Much of the study of floral biology 
the first half of the 20th century focused on 
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flower form and the pollinating agents consid- 
ered to be the driving forces behind floral 
morphological diversity 

One might therefore expect to find in a 
book titled Ecology and Evolution of Flowers 
an extensive coverage of pollinators. How- 
ever, they are explicitly the subjects of only 
cone chapter. One might also expect to find a 
discussion of recent phylogenetic insights into 
the changes in floral form from primitive to 
advanced taxa, a chapter highli the 
paleobotanical evidence of the origins of 
flowers, or a chapter on the genetics that gov- 
cer the development of floral form. None of 
these appears in this book. What, then, 
is Ecology and Evolution of 
Flowers about? It is a book 
about angiosperm reproduc- 
tive biology. Flowers house the 
reproductive systems of these 
plants, and thus the word in 
the title can be construed as 
an inclusive metaphor for 
the many aspects of flowering 
plant reproduction. 

In the later half of the 20th 
century, biologists began to 
explore aspects of floral biology beyond polli- 
nation syndromes. This new approach to plant 
Wve biology was pioneered by the 


of Flower 


Ecology and Evolution of Flowers is un- 
ahashedly a celebration and extension of 
Lloyal’s work. The first chapter offers a mi 
biography of his life along with a synopsis of 
the areas to which he made major contribu- 
tions: self= and cross-fertilization in plants, 
gender strategies, allocation strategies, and 
floral mechanisms. Chapters by an interna- 
tional array of plant biologists are placed in 
sections that reflect these areas. 

Many of the chapters are theoretical, with 
equations, tables, and graphs far outnumbe 
ing pictures. In fact, except for the photo- 
graphs on the cover and in six of the eight 
clustered colored plates. the entire book con- 
tains no drawings and only one other picture 
of a flower. The authors assume that we are 
familiar with the dazzling array of floral 
forms and that what we really want to know 
about are the selective influences responsible 
for this diversity. Beyond pollinators, abiotic 
factors (such as microhabitat conditions, 
‘water or nutrient stress, human disturbanc 
elevation, and the timing and length of snow 
melt) and other biological factors (such as 
herbivores. pathogens. and the composition 
of the co-flowering plant community) are 
implicated as selective agents acting on floral 
phenology, morphology, and breeding sys- 


tems. These various agents are discussed 
from theoretical points of view and with 
examples from the personal research of 
the authors. 

Lloyd was among the first to emphasize 
the need to consider gender function as a 
‘major factor driving the form and behavior of 
individual flowers, Several chapters look at 
the contrasting or complementary needs for 
allocation to male or female function within 
or between flowers, These needs underlie 
herkogamy (the spatial segregation of del 
ing anthers and receptive stigmas within 
flowers) and the myriad of gender poly- 
morphisms—some of which lead to the ulti- 
mate in gender specialization, 
dioecy (populations compos 
edof separate female and male 
plants), Both Lloyd and Spencer 
Barrett, one of the editors, have 
devoted much of their research: 
to such floral asymmetries, so 
it is not surprising that three 
‘chapters focus on this aspect of 
floral biology, Other contribu- 
torsuse the concept of sex allo- 

ation in cosexual flowers as 
4 means to predict minimum size for initial 
reproduction, potential correlations between 
male and female allocation, why protandry 
(male before female) is more common 
than protogyny (vice versa), the shifts from 
open pollination to specialist pollination 
systems, and those between selfing and out= 
crossing systems, 

Diversity in floral form has also been 
linked to speciation, Several chapters explore 
this relationship by examining the within- 
species floral variation across geography and 
the role of hybridization in selection for diver- 
gence in floral form. The roles of key inno- 
vations—such as modes of pollination, the 
advent of nectar spurs, floral asymmetry, 
and dioecy—in explaining increased (or 
decreased) speciation are examined from a 
phylogenetic perspective using contrasts 
ween clades that possess and clades that 
lack the innovations. 

The volume’s 18 chapters provide the most 
in-depth compilation to date on the forces 
thought to shape the evolution of the structure 
of angiosperm reproductive ongans and mat- 
ing systems. They include information about 
almost any aspect of the floral ecology and 
reproductive biology of flowering plants. 
Most of the authors also suggest future explo- 
rations or empirical demonstrations that will 
improve our understanding of how and why 
we have such a diversity of floral morpholo- 
‘and reproductive strategies. 
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SCIENCE AND GOVERNMENT 


Taking Science Out of the 
Box—Foresight Recast 


David A. King and Sandy M. Thomas* 


cience belongs atthe heart of good gov 

the political sidelines. The problem 
‘comes from both sides: scientists who do not 
know haw to convey their expertise to a wider 
\Wworld and politicians who are not convinced 
that it is worth their while to listen. Forthe past 
new program has been running in 
Britain that this gap. The pro- 
gram has demonstrated that when scientists 


clearly to a receptive political audience, 
the result can be highly effective, 
The re 


ist Foresight program was born out 


of a time of crisis. In early 2001, foot-and- 
mouth disease had just begun to grip Britain 
The country was filled with burning pyres and 


fearful farmers. One of us (D.A.K.) had just 
been appointed Chief Scientific Adviser to the 
British Government and rapidly assembled a 
team of epidemiological modelers, viologists, 
and logisties modelers to determine why the 
disease was spreading so rapidly and to make 
re ndations about how to cont 


team’s models suggested that culling of ill ani- 
mals from a herd should begin within 24 hours 


suspicion that the dise: (1.2). 
Animals in any neighboring farms should also 
be culledas soon as the disease in the first farm 


had been confirmed by laboratory analysis. 
Within a few days, the new strategy was being 
implemented throughout the country. The result 
ers had predicted: The 
tens of thou- 


‘wats exactly as the model 


disease was now contained 
sands of cows and sheep were spared. Prime 
Minister Tony Blair was sufficiently impressed! 
by this practical, real-time application of sci- 
‘ence that he asked thatthe existing program for 
scientific advice be refurbished. 


government, a UK. Technology Forest 
Programme had been launched in 1994 to iden- 
tify future wealth-creating opportunities from 
.. engineering, and technology and to 
tion between seientists 


encourage closer inte 
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Flood and Coastal Defence, 2004 (published as the 
“Future Flooding” report) 

Sponsoring: Mise for the Envtoomert and Age-Envorment, 
Department for Envooment Fd and Rua Aa 


Cognitive Systems, 2003 


‘Sponsoring: Sclence Minister, Department of Wade and industry 


Exploiting the Electromagnetic Spectrum, 2004 


‘Sponsoring: Minster fr Energy, eCommerce and Postal Services, 


Department of Trade ad inusty 
Cyber Trust and Crime Prevention, 2004 


‘Sponsoring: Minster for Cree Reducton, Policing, Community 


Services and Counter Tenors, Home Office 
Brain Science, Addiction and Drugs, 2005 
‘Sponsoring: Minster fr Health, Department of Meath 
Intelligent infrastructure Systems, 2006 
‘Spomsaring: Minster for Transport, Department for Transport 


The Detection and Identification of Infectious, 
Diseases, 2006 


‘Spoesoring: Minster for Sustainable Farming and Food, Department 


foc Environment Food and Rural Aars 


Tackting Obesity: Future Choices, 2007 
‘Sponsoring: Minster for Public Health Department of Health 


Sustainable Energy Management and the Built 
Environment, 2008 


‘Sponsoring: Minster fr Housing and Panning, Department of 


Communities and Local Gowen 


‘Mental Capital and Wellbeing, 2008 


Sponsoring: Minster for Ltelong Learning Further and Higher 


‘Edwation, Department For Education and Skis 


‘and industry. It operated with standing panels 
of experts, cach looking at the fiture for a par- 
ticular area of technology 

eded a way to capture the 
interdisciplinary knowledge generated in uni- 
versities and research institutions around the 
world, to relate this knowledge to risks and 
‘opportunities that might arise in the future. and 
touse it to provide flly evidence-based policy 
advice to the UK. cabinet. Thus, in 2002. a 


However, we 
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The latest form of the U.K. Foresight program 
demonstrates that the ability to make decisions 
based on scientific evidence is something no 
government should be without. 


new phase of Foresight was launched. 
The standing panels were serapped, 
to be replaced by a Muid, rolling 
program of three or four projects at 
atime, each taking about 2 years to 


produce their reports and findings. 
The first step in ensuring that 


politici idy to listen, and 


are able to speak, 
t topics. To 
appear on the Foresight shortlist 
topic must represent either (i) 


is to choose the 


some important current issue that 


science, technology, the social sei- 
\d economics could help 
address (for example, flood risk 


agement) oF (ii) a 
aspect of science or techno 
that is likely to have wider poten- 
tial in the future (for example, 
exploiting new aspects ofthe elee- 
tromagnetic spectrum), The sub- 
ject must be future-oriented; must 
not duplicate work taking place 
elsewhere: must have potential 


ent 


ogy 


‘outcomes that can lead to specific 
actions: must be multidisciplinary; 
and, above all, must have commit- 
ment from the potential benefiei- 
aries that they are eager to hear the 
results and aet on them, 

We achieve this last eriterion 
through very wide consultation, 
The short list of topics is posted on 
the Foresight Web site (3) for com 
ments, and in parallel, the Foresight 
team consults scientists, the private 
sector, and government depart- 
ments. No Foresight project is even 
started until it is clear that there is 
\wide support. Crucially, each proj- 
cect must be sponsored by 
ter fiom a relevant govemment department 

When a topic is chosen, a group of stake- 
holders is set up to oversee the project. The 
Chief Scientific Adviser directs this team, 
makers 
and budget-holders from relevant government 
departments, research councils, industry 
charities, and other professional bodies. The 
group is chaired by the sponsoring minister. 

Meanwhile, the project team, made up of 


minis 


Which is composed of senior decisio 
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civil servants and up to six external leading 
experts, sets about inviting between 90 and 120 
natural scientists, social scientists, and econo- 
mists onto the project. These participants 
review the scientific literature extensively and 
look at relevant social and economic trends. 
‘They also undertake “horizon scanning.” that 
is, they consider what developments fie in the 
near future through a series of workshops, sem- 
inars, brainstorming sessions, and other con 
versations with industry and relevant profes- 
sional organizations, As well as bringing 
together the results of existing research, the 
projects ean commission new research, for 
example, modeling studies that specifically 
address the problem at hand. 

At the end, the team produces a set of clear, 
comprehensive, and comprehensible seiene 
reports, Often, we employ science writers to 
rewrite the reviews of the specialists so that 
they are accessible to all the interdisciplinary 
team members. In many cases, this has been 
Vital to the success of the process. A range of 
techniques [such as scenario-planning or tech- 
nology road-mapping (4, 5)] are used to trace 
different possible futures according to varying 
social, political, and scientific drivers and 
to describe likely outcomes for alternative 
Visions. The results are never simply extrapola- 
tions from the present dy 

Another product of each project is an 
action plan that is widely circulated to all 
stakeholders and publicly available. The 
primary aim is that Foresight projects will 
influence both policy and funding decisions 
‘made by government, There is little point in 
producing scientific reports if nobody on the 
political side has commited themselves to lis- 
tening. It also seeks to inform decision-mak- 
ing by business, charities, and funding bodies. 

To determine whether the projects ane hav- 
ing the desired impact, each project has fol- 
low-up meeting a year after the results are pub- 
lished. This meeting, chaired by the lead minis- 
ter, assesses how (or indeed whether) the proj- 
ect findings are being addressed. It either 
ensures that the project results are having an 
effective influence or, if not, determines why 
not, Depending on the project. there may 
be other follow-up activities to keep up the 
‘momentum, and the Prime Minister and 
Cabinet are kept appropriately informed. 

‘Since 2002, seven projects have been com- 
pleted. and three more are in the pipeline (see 
the table on page 1701), All have been influen- 
tial. In particular, several projects have influ- 
enced key (and often otherwise science-lite) 
areas of policy, spending decisions, and 
research agendas. 

One of the first projects to be undertaken, 
the Flood and! Coastal Defence Project, investi- 
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gated the potential threat to Britain from rising 
sea levels and changing rainfall patterns that 
could result from predicted changes in climate 
over the next 80 years. This was the first 
detailed regional study of climate change 
impacts conducted specifically to advise a gov- 
cemment what actions to take. An important out- 
come wat the realization that coasts are not the 
only places threatened, The predicted increases 
in rainfall intensities are likely to overwhelm the 
drainage and sewerage systems for British 
towns designed and built for the Victorian age, 
and the potential for loods even in inland towns 
and citiesis thus very high 

Foresight programs can adopt highly imag 
inative approaches to problem-solving in addi- 
tion to the conventional ones. In analyzing 
coastal vulnerabilities, we commissioned a 
computer game [inspired by Sim City and avail 
able as “FloodRanger” (6)] that demonstrates 
how strategies for a British coastal town could 
be tested against future weather superimposed 
‘on climate trends, 

In 1998, the U.K. Government was spend 
ing about £300 million (U.S. $590 million) per 
year on managing these risks. Thanks in part to 
the Foresight program, we have managed to in- 
crease that amount to more than £500 million 
peryear (US, $984 million). further outcome 
‘was the realization that adaptation to climate 
change impacts is strongly dependent on inter- 
national action in mitigating greenhouse gas 
emissions (7). Through an agreement between 
the ULK. and Chinese governments, the lessons 
leamed over a 2-year period by the British 
Flooding Team are being passed on toa Chinese 
team for a study of flood impacts from fluvial 
and coastal flooding in the Shanghai region, 

Foresight programs can also have interna 
tional impact. The G8 Summit Communiqué 
oon the Fight Against Infectious Diseases (8) 
reflects several of the Foresight findings from 
its project on the Detection and Identification 
of Infectious Diseases, The project was unique 
in many ways. We engaged with about 400 
ientists, including 50 each from Africa and 
China. and we addressed disease in plants, ani- 
mals, and humans. The stakeholder board 
included members of the three international 
‘organizations in each of these fields, the Food 
and Agriculture Organization of the United 
Nations, the World Organization for Animal 
Health, and the World Health Organization. 
(One conclusion, that about 80% of human in- 
fectious diseases derive fromanimals reflected 
the need for more transdisciplinary work in 
these areas (9), Of critical importance. the proj- 
ect described the enormous potential power in 
controlling the spread of infectious diseases we 
‘would have if handheld disease-monitoring 
devices, built with the communication capabil- 


ity of the mobile phone, could be developed 
and widely distributed. As a result, the U.K. 
government’s Department for Environment, 
Food, and Rural Affairs set up a technology 
program to develop such devices, which they 
have funded at £800,000 (U.S. $1,574,000), 

The Foresight program still faces two chal- 
lenges inherent to working in government, 
Ministers change departments, and enthusi 
tic support fora project and its action plans may 
‘not be sustained. Furthermore, Foresight proj- 
ects are, by their very nature, interdiseiplinary 
in focus, and the cross-cutting issues under 
study are often the responsibility of more 
than one government department, Historically, 
departments have been protective of their own 
responsibilities, and an enthusiastic minister 
sponsoring project may not be able to get sup- 
port from colleagueselsewhere, Weare seeking 
toaddress these challenges, 

Foresight projects go deep. which is why we 
have limited them to no more than four at any 
‘one time. To complement the program, in 2005 
‘we set up a Horizon Seanning Centre whose 
responsibility isto analyze risks and opportuni- 
ties that are already on the horizon, For in- 
stance, to address the changing landscape of 
trade with Asia, the center ran workshops in 
five Asian countries, asking participants to rate 
social, technological, environmental, and polite 
ical issuesand to prioritize what will be driving 
their trade in the near future, This information 
‘was distilled and presented to the ULK. govern- 
ment, Horizon-scanning projects are narrower 
and swifter than their Foresight cousins but can 
also feed back to Foresight by identifying top= 
jes worthy of more in-depth attention. 

There is an adage that politicians use sci- 
cence the way a drunk uses a lamppost—more 
for support than for illumination. The lesson of 
the Foresight program is that the wisest de 
sions re made when science isat the very heart 
of policy: You can govern without the benefit 
of science, but you cannot govern well. 
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GENETICS 


A Breakthrough for Global 


Public Health 


Dave D. Chadee, Pattamaporn Kittayapong, Amy C, Morrison, Walter J. Tabachnick 


of 


ence 


he reemer 
gue fever and urban 
yellow fever in the 


Americas during the past 20 


quito-borne dise 


even in the 21st century. Glo- 
bally, about 50 million to 100 
million cases of dk 
about 500,000 eases of dengue 


ue and 


hemorrhagie fever occur annu- 
ally (/). Recently, an unpre 
dented chikungunya virus out- 
break occured in countries bor 
dering the Indian Ocean, with 
~250,000 cases and 205 deaths. 
The threat of mosq) 
pathogens is very real, with 
dengue, yellow fever, and chik- 
Uungunya Viruses all being trans 
mitted by the mosquito Aedes 
aegypti 

On pi 


we 171 
Nene ef af. report the complete 
genome sequence of de. aegypti 
(2). This comes about 4 years 
after the complete g 
Anopheles gambiae, the primary mosquito 
vector of malaria in Africa (3), It isalso a little 
over 100 y 
transmit yellow fer 


ence of 


cnome seq) 


ars since Ae. aegypti was shown to 
et. Asthe blueprint for the 
. the de. aegypti genome se- 
¢ in the hi 
tory of combating mosquito-borne disease, 
Mosquito-borne disease control is currently 
based on clini ent of patients and 
mosquito control because efficient vaccines 
ble. The chatle 
nformation to understand 
ctions and the causes of 


vector's biolog 


quence is another major advan is 


are una head is to use 
uenome sequence 


id protein fu 
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Yellow fever mosquito. The painting “The Conquerors of Yellow Fever” by Dean 
Cornwell (1939) shows an early yellow fever transmission tral in humans. (Standing 
lett to right) Carlos Finlay (in dark suit), Aristedes Agramonte (holding hat), Jesse 
Lazear (applying cage with mosquito), and Walter Reed (in white uniform). 


1 the role of 


mosquito diversity that determi 
Ae. aegypti in pathogen transmission (4), 

The completed sequence should greatly 
facilitate the identification of Ae. aegypti 
genes and proteins that control a wide range 


of traits such as vector competence and 
wacity for pathogen transmission, life his- 
tory, olfactory cues that affect behavior, host 
seeking. mating behavior, and insecticide 
resistance. The genome sequence should also 
help identify new DNA markers and allow 
DNA fingerprinting for ecological studies. 
Such tools are essential to characterize both 
individual mosquitoes and natural popula- 
tions of de. aegypti. Genetic characterization 
‘of mosquito populations should reveal how 
pathogen transmission is influenced by gene 
raphic isolation, and population 
dynamics and dispersal. Moreover, charac- 
ne variation in natural populations 
will provide a basis for understanding 
the risk for Ae. aegypti-borne 
For example, yellow fever has never been 
reported in Asia, despite the presence of 
dengue and e. aegypti. Such an epidemic 
would be a catastrophe. 


flow, geo 
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The Aedes aegypti genomic sequence provides 
new opportunities to understand the ba 
biology and evolution of the mosquito and to 
mitigate the impact of this disease vector on 
public health 


Tools for genetically altering 
Ae, aegyptl (or An, gambiae) can 
now be more easily adapted for 
creating mosquitoes that are 
pathogen-resistant (5). In combi- 
nation with new information on 


the effects of genes on the mos- 
quito phenotype, deploying such 
resistant mosquitoes should be 
possible. Endosymbiotic bacteria, 
could also be genetically modi- 
fied to introduce desirable genes 
10 populations that 
reduce vector competence for a 
pathogen or reduce their survival 
(6), a strategy guided by a deeper 
understanding of Ae. aegypti bio 
logy through its genome sequence 

The Ae. aegypti subspecies, 
Ae. aegypti acgyptiand Ae aegapt 
Jormosus. differ in appe 
raphical distribution, behav- 
or, genetic diversity and rel 


into mosqu 


ted 
ness, and vector competence for 
yellow fever virus (7) and dengue 
virus (8). The completed 
sequence is from Ae. aegypti aegypti because 


ome 


it is widely distributed, is the primary vector, 
and likely evolved from Ae, aegypti formosus 
(7). But the relationship between the geo 
graphic distribution and genetic diversity of 
pti must be clarified to ensure that 
control strategies are used that are appropriate 
for the specific location. Genetic mapping 
studies have implicated many genes in Ae 


Ae. ae 


aegypti vector competence for dengue virus 
(8). However, specific genes have not yet been 
identified: the Ae. aegypti g 
should help in this characterization, The An. 
gambiae 


‘nome Seq) 


mnome sequence has been essential 
to identifying candidate genes that control sus- 
eptibility to malaria infection, This was 
accomplished through the use of RNA inter 
ference, a technique that “knocks down" the 
expression of specific gene targets in the 
‘organism (9). 

Many important mosquito behaviors are 
regulated by the mosquito’s olfactory system, 
‘and the genes relevant to this process can now 
be identified through sequence comparisons 


to olfactory genes from other insects (/0). 
Similar approaches will identify candidate 
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genes and proteins involved in Ae. aegypti 
‘mating that could provide new ways to control 
Ae. aegypti populations. 

Numerous de, aegypti control strategies 
have been tried over the past 100 years. There 
have been sucess stories, suchas yellow fever 
eradication in Havana at the beginning of the 
20th century, through mosquito larva reduc- 
tion. However, success in reducing dengue has 
been largely unsustainable (//), contribut- 
ing to the resurgence of the disease in the 
Americas. Biocontrol agents such as larval 
predators have had only limited success (/2). 
The failure to control Ae. aegypti in the 


Caribbean is due in part to insecticide resist- 
ance, a situation that is further exacerbated by 
the lack of new insecticides. 

The basic de. aegypti “blueprint” is in 
hand, but as is often the case for blueprint 
instructions, “some assembly required” is 
an understated summary of the extent of 
the challenges ahead for ultimately tran: 
lating the sequence into meaningful infor- 
mation about the mosquito’s biology (4), 
Having the genome sequence is surely an 
important step toward better limiting the 
distribution and burden of diseases trans- 
mitted by Ae. aegypti. 
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CHEMISTRY 


Resolving an Elusive Structure 


R. Lee Penn 


inerals are natural and homogeneous 
Mts tt 
ical composition and erystalline 
structure. Yet ferrihydrite: 
with a composition commonly given as 
Fe,HOg4H1,0—is officially asa 
mineral (1), despite a lack of consensus 
regarding its erystal structure, homogenei 
and even composition. Ferrihydrite occurs 
‘only as nanoparticles, which causes substan- 
tial broadening of the maxima in x-ray diffrac 
tion patterns and hinders the use of traditional 
methods for structure determination 
On page 1726 if this issue, Michel etal (2) 


aan iron oxide 
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present the analysis of total x-ray scattering 
data (3) collected at a synchrotron source and 
propose a new model for the atomic arrange- 
ment in ferrihydrite. The work represents a 
major leap forward in understanding this 
important mineral and demonstrates the power 
oftheir methodology for elucidating the struc- 
tures of nanocrystalline materials. 
Ferrihydrite is a natural material that is 
ubiquitous at and near Earth's surfice (4). I is 
the first material that forms upon neutraliza- 
tion of acidic solutions of ferric ions and upon 
oxidation of solutions of ferrous ions. It is 
the typical precursor to the more stable iron 
‘oxide minerals such as hematite (0-Fe,0,) 
and goethite (¢-FeOOH). Indeed. ferrihydrite 
nanoparticles can be used to produce needle- 
shaped goethite nanoparticles of controlled 


Synchrotron data allow the determination of 
the structure of the ubiquitous mineral 
ferrihydrite, 


size (5), Ferrihydrite is also a common prod- 
uct of weathering of iron-bearing minerals 
and of microbial oxidation of ferrous ions (6), 

Ferriydrite can act as.a strong sorbent for 
numerous natural and anthropog. 
cal species, including heavy metals (7) 
arsenate (8), and can participate in redox reac~ 
tions (9). Finally, ferrihydrite is antierromag- 
netic up toa temperature of “422 K (/0), Ifthe 
nanoparticles are lange enough to form a ther- 
mally stable single magnetic domain, then f 
rihydrite can contribute substantially to the 
detectable magnetic signal of natural sedi- 
ments. Given the widespread occurrence of 
ferrihydrite in natural and engineered sys- 
tems, the elucidation of its crystal structure 
will have far-reaching impact, 

The properties of nanocrystalline materi- 


Resolving an elusive structure. Transmission electron micrograph (left) of nanocrystalline 
ferrihydrite prepared by controlled neutralization of a feric nitrate solution with bicarbon- 
‘ate. Michel et al. have now uncovered the atomic structure of this material. On the basis of 
their proposed structure, the Crystalmaker program was used to create representations of 3 
‘model nanoparticle (middle) and of the unit cell right). The size ofthe former matches that 
‘of the ferrihydrite nanoparticle marked with the white circle inthe eft panel (5). 


i} 


als—including iron oxides such as ferrihy- 
drite—often depend on the size of the nanopar- 
ticles. Elucidation of these size-dependent 
for understanding the roles of 
in environmental and geologic 
processes, such as the biogeochemical cycling 
of iron, weathering, and respiration of iron 
by microorganisms, Nanocrystalline materials 
can be characterized by many techniques, 
including electron microscopy (see the figure, 
left panel), However, none of these methods 
have been axlequate for the structural determi- 
nation of materials that are commonly referred 
tos "x-ray amorphous” (//)—meaning that 
the diffraction peaks are so broad as to make it 
arly or totally impossible o solve their struc- 
ture with laboratory-based x-ray diffraction 
instrumentation. 

Michel ef al. have now performed total 
clastic scattering experiments on ferry drite, 
which is x-ray amorphous, and have analyzed 
the data with the atomic pair distribution fune- 
tion (PDF) method. To obtain their structure, 
the authors calculated the PDF using struc- 
tural models and then compared it to the PDF 
‘obtained from the experimental data. In adi 
tion to proposing a new model for the struc 
ture of ferrihydrite (see the figure, middle and 
right panels), the authors show that other 
recent structural models for ferrihydrite, 
including one that has gained a reasonable 
levelof “acceptance” (12), produce a worse fit 
‘with the experimental data, This makes their 
proposed structure all the more convincing. 

PDF a ‘enables the extraction of 
structural information from powder diffa 
tion data, This approach has for some time 
been the tool of choice for studying the atomic 
structure of liquids and glasses. The availabil- 
ity of focused, high-energy x-ray beamsandof 
fast area detectors and advanced data treat- 
‘ment strategies has made it possible to apply 
this method to poorly crystalline and nano- 


crystalline materials. For example, Petkov er 
al. have used the approach to examine the 
atomic structures of vanadia xerogel (/3) and 


of gold nanoparticles in water (/4). 

In a PDF analysis, the PDF is obtained by 
Fourier transformation of the total elastic seat- 
tering data. Us high-energy x-ray beam, 


ray sources, is crucial, because the short wave- 
lengths enable collection of diffraction data at 
much higher resolution than can be achieved 
in the laboratory 

The resulting PDF isa real-space represen- 
tation of interatomic distances that includes 
both the short-range (1 to 5 A) and intermedi- 
ate- to long-range correlations (5 to poten- 
tially more than 100 A) for all pairs of atoms 
in the structure. The sensitivity, resolution, 
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and extended range of information allow real- 
space fitting of structural models for nano- 
crystalline and disordered materials, without 
the detrimental peak-broadening effects 
incurred during structure refinement in recip- 
rocal space. 

As the study by Michel ef af, shows, the 
PDF method is a powerful tool for elucidat- 
ing the structures of natural and synthetic 
nanoparticulate materials. It can also be 
used to study how atomic structure varies as 
a function of particle size and environment, 
a matter of crucial importance both for 
designing new nanomaterials and for under- 
standing the properties of natural materials 
such as ferrihydrite, 
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Is There Glue in Cuprate 
Superconductors? 


Philip W. Anderson 


‘Many theories about electron pairing in cuprate superconductors may be on the wrong track. 


‘ore than 20 yearsafter the discovery 
MM srees sts 

ts do not agree on what mecha- 
nism causes the loss of electrical resistance at 
temperatures as high as 160 K (known as T,, 
the transition temperature). They doagree that 
electron pairs are crucial because they can 
form a condensate that flows without resist- 
ance, but the interaction that causes the pairs 
to form is disputed. 

For many years. papers have been appear- 
ing that discuss the high-T, copper oxide 
superconductors in the same termsas the oo 
ventional metallic superconductors (such as 
mercury or lead). That is, some researchers 
‘assume that the high-7_ materials involve 
electron pairs bound together by the exchange 
‘of bosons (a fundamental class of particle 
the other being fermions). In the ordinary 
superconducting metals, these exchanged par- 
ticles are phonons (atomic lattice vibrations) 
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that act like a bosonic “glue” to hold the elec- 
tron pairs together. Many alternatives have 
been proposed for this bosonie glue (/-9), 
This mythology is popular among sei 

Journalists, who dramatize both the element 
of competition and the search for The Secret. 

1 argue here that this need fora bosonic glue 
is folklore rather than the result of scientifis 
logic. It comes from the inappropriate assump- 
tion that superconductivity in these materials is 
described by a mathematical framework called 
the Eliashberg formalism (/0), which is an 
extension of the original ideas of Bardeen, 
Cooper, and Schrieffer. In the 1960s, Morel and 
1(11 and Schrieffer etal. (12) adapted this for- 
malism to calculate properties of the conven- 
tional superconductors, but it is valid only to 
deseribe the particular mechanism that 
explains these superconductors. 

Electrons only interact, to a very good 
approximation, via the Coulomb interaction, 
This is the elementary electrical force that 
causes two negative charges to repel each 
‘other. So how can this repulsion between elec 
trons be eliminated in favor of electron pai 
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binding? The possibilities are either “dynamic 
sereening” or a mechanism suggested by 
Pitaevskii (/3) and by Brueckner et al. (/4) of 
putt Jectron pairs in an anisotropi 
wave function (such as a d-wave), which van- 
ishes at the repulsive core of the Coulomb 
imeraction. In either ease, the paired electrons 
are seldom or never in the same place at the 
same time. Dynamic screening is found 
in conventional superconductors, and the 
anisotropic wave functions are found in the 
high-T, cuprates and many other unconven- 
tional superconductors, 

In the case of dynamic screening, the 
‘Coulomb interaction &/r (where e is the elec 
tron charge and r is the distance between 
charges) is suppressed by the dielectric con- 
1 of other electrons and ions. The plasma 
of other electrons damps away the long-range 
Vr behavior and leaves a screened 
core, e? exp(-Kr)/r (where & is 
the screening constant), that acts 
instantancously, for practical pur= 
poses, and is still very repulsive. 
By taking the Fourier transform of 
the interaction in both space and 
time, we obtain a potential energy 
V, which isa function of frequency 
‘coand wavenumber g: the screened 
Coulombic core, for instance, 
transforms to V, = 2? + x8) and 
is independent of frequency. This 
interaction must then be screened 
by the dielectric constant &,, be= 
cause of polarization of the 
phonons, leading to final expres 
sion F= & (g? +92 )e,g(q. «0)). This 
dielectric constant is different from 
1 only near the lower frequencies of the 
phonons, It screens out much of the Coulomb 
repulsion, but “oversereening” doesn’t hap- 
pen: When we get to the very low frequency 
ofthe energy gap, is still repulsive. 

Instead of accounting for the interaction 
as a whole, the Eliashbeng picture teats only 
the phonon contribution formally, replacing 
the high-frequency part ofthe potential with a 
single parameter. But the dielectric deserip- 
tion more completely clarifies the physics, 
‘and in particular it brings out the limitations 
‘on the magnitude of the interaction. That is it 
‘makes clear that the attractive phonon inter- 
action, characterized by a dimensionless 
parameter A, may never be much bigger, 
and is normally smaller, than the screened 
Coulomb repulsion, characterized by a 
parameter 1 (//). The net interaction is thus 
repulsive even in the phonon ease, 

How then do we ever get bound pairs, ifthe 
interaction is never attractive? This occurs 
because of the difference in frequency scales 


22,JUNE 2007 VOL316 SCIENCE www. 


of the two pieces of the interaction. The two 
electrons about to form a pair can avoid each 
other (and thus weaken the repulsion) by mod- 
ifying the high-energy parts of their relative 
wave function; thus, at the low energies of 
phonons, the effective repulsive potential 
becomes weaker. In language that became 
familiarin the days of quantum electrodynam- 
ics, we can say that the repulsive parameter pt 
can be renormalized to an effective potential 
‘or “pseudopotential” y*. The effective inter- 
action is then -(2.~ j1*). which is less than 
zero, hence attractive and pair-forming. One 
could say that superconductivity results from 
the bosonic interaction via phonons; but itis 
equally valid to say instead that it results 
from the renormalization that gives us the 
pseudopotential * rather than jt. This does 


alysis; itis just 


“We have a mammoth and an elephant in our refrigerator— 
do we care much if there is also a mouse?” 


the type of correction ignored in this analysis. 

The above is an instructive example to 
show that the Eliashberg theory is by no 
‘means a formalism that universally demon- 
strates the nature of the pairing interaction: it 
ismerely a convenient effective theory of any 
portion of the interaction that comes from 
low-frequency bosons. There is no reason to 
believe that this framework is appropriate to 
describe a system where the pairing depends 
on entirely different physics. 

‘Such a system occurs in the cuprate super- 
conductors. The key difference from the clas- 
superconductors, which are polyelectronic 


‘metals, is that the relevant electrons are in a 
single antibonding band that may be built up 


from linear sums of local functions of x 
symmetry. witha band energy that is bounded 
at both high and low energies. In such a band 
the ladder-sum renormalization of the local 
Coulomb repulsion. leading to the pseudopo- 
tential 4*. simply does not work, because the 
interaction is bigger than the energy width of 


the band. This is why the Hubbard repulsion U 
between two electrons on the same atom 
(which is the number we use in this case to 
characterize the repulsion) is all-important in 
this band. This fact is confirmed by the Mott 
insulator character of the undoped cuprate, 
‘hich isan antiferromagnetic insulator with a 
gap of 2 eV, wiving usa lower limit for U. 

But effects of U are not at all confined to 
the cuprates with small doping. In low-energy 
‘wave functions of the doped system, the elec- 
trons simply avoid being on the same site, As 
‘a consequence, the electrons scatter each 
other very strongly (/5)and most of the broad 
structure in the electrons’ energy distribution 
functions (as measured by angle-resolved 
photoelectron spectroscopy) is caused by 
This structure may naively be described by 
coupling to a broad spectrum of bosonic 
‘modes (4), but they don’t help with pair bind- 
ing. U isa simple panticle-particle interaction 
thno low-frequency dynamics. 

A second consequence of Uis the appear 
ance of a large antiferromagnetic exchange 
coupling J, which attracts electrons of oppo- 
site spins to be on neighboring sites. This is 
the result of states of very high energy, and 
the corresponding interaction has only high- 
f y dynamics, so itis unrelated to a 
There is a common misapprehension 
that it has some relation to low-frequency 
spin fluctuations (/6, 17), but that is incor 

ct, as low-frequency spin interactions 
between band electrons are rigorously ferro- 
‘magnetic in sign, One ean hardly deny the 
presence of J given that it has so many exper= 
imental consequences, 

In order to avoid the repulsive potential 
these systems are described by the altemative 
Pitaevskii-Brueckner-Anderson scheme with 
pairing orthogonal to the local potential, Two 
such pairings exist, d-wave and “extended s- 
‘wave,” but only one appears as supercon- 
ducting gap; the extended s-wave is unsuitable 
for a gap and acts as a conventional s 
energy (/8). The specific feature of the low- 
dimensional square copper lattice that is 
‘uniquely favorable to high 7, is the existence 
of the two independent channels for pairing 
(18), Because of the large magnitude of J, the 
pairing can be very strong, but only a fraction 
of this pairing energy shows up asa supercon- 
ducting 7, for various rather complicated but 
‘well-understood reasons. 

The crucial point is that there are two 
very strong interactions, U (>2 eV) and 
(-0.12 eV), that we know are present in the 
cuprates, both a priori and because of incon- 
trovertible experimental evidence. Ne 
properly described by a bosonic glue, 
between the two it is easy to account for the 
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existence of antiferromagnetism, d-wave 
superconduetivity, and many other phenom- 
ena of high-7, superconductivity. Whether 
any additional™ glue” exists isof lesser inter- 
‘est, We have a mammoth and an elephant in 
‘our refrigerator—do we care much if there is 
also a mouse? 
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CHEMISTRY 


Making Energy Count 


F-Fleming Crim 


nergy influences the rates of chemical 
Bete dramatically (/). Simply 
heating a reaction mixture deposits 
energy indiscriminately in internal and trans- 
lational motion, but more specific exeitation 
can change the course of a reaction. The chal- 
lenge is to distinguish the effect of these dif- 
ferent types of energy. 
or reaction of atoms with diatomic mole- 
cules, knowledge of the geometry of the sys- 
tem at the energy barrier for the reaction is 
sulicient to predict the relative efficacy of 
vibrational and translational energy (2). 
However, few experimental studies have 
investigated the effectiveness of different 
types of energy in more complicated mole- 
cules. On page 1723 of this issue, Yan er al. (3) 
explore the role of vibrational and transla- 
tional energy in a prototypical reaction of a 
polyatomic molecule 

Chemical kinetics centers on the concepts 
of a transition state (the geometry through 
‘which reactants pass as they rearrange their 
bonds to become products) and of a reaction 
coordinate (the minimum-energy path along 
hich the atoms move to reach and pass 
through the transition state). To react, mole- 
cules must have sufficient energy to reach the 
transition state, and this enengy must reside in 
‘motions that carry the system through the 
transition state, 

Two-dimensional energy plots along the 
reaction coordinate for the reaction of A with 
BC (sce the figure, top panel) convey little 
information about the motions involved. 
Varying the angle between A and BC pro- 
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duces a family of three-dimensional sur- 
faces, one for each angle, that form a four- 
dimensional hypersurface. The best we can 
do inthree dimensions is a“eut” through this 
hypersurface fora single angle (see the fig- 
ure, bottom panel). 

The situation is more complex for poly- 


o-e-0 


Energy 


Reaction coordinate 


Experiments reveal the subtle roles of 
vibrational and translational energy in 
reactions of polyatomic molecules. 


atomic molecules. The reaction hypersurface 
has more dimensions, and there are often sev- 
«ral transition states leading to different prod= 
ucts, Perhaps most important, there are many 
‘more vibrations in the reactant, Nevertheless, 
the concepts of a reaction coordinate and tran- 
sition state remain useful for understanding 
the role of different types of energy in 
these reactions, 

Yan ct al, study the reaction of Cl 
with CHD,, which has two available 
paths: One breaks the C-H bond to 
form HCI = CD,, and the other breaks 
the C-D bond 10 form DCI + CHD). 
Stretching of the reactant bond 
appears to be part of the motion along 
the reaction coordinate, Therefore, an 
intuitively appealing means of aoveler- 
ing a reaction is to place vibrational 
energy in the bond that isto be broken, 
This approach is a proven means of 
preferentially cleaving the vibra 
tionally excited bond in the reactions 
of Cl with partially deuterated 
methanes (4, 5). These experiments 
also show that vibrational excitation 


Reaction dynamics. In the reaction studied 
by Yanet al, the CD, group isthe “atom* C, 
and Cland H are the atoms A and B, respec- 
tively. (Top) Two-dimensional view of the 
energy along the reaction coordinate for the 
reaction A + BC-+AB + C. The highest- 
energy point is the transition state 
(Bottom) Three-dimensional view of the 
energy surface forthe reaction shown at the 
top, along with a contour plot ofthe surface. 
The geometry of A-B-Cis linear. The coord 
nates ae the length ofthe “new” bond, Ry 
and the lenath of the “old” bond, Rg. The 
‘ed line isthe reaction coordinate. 
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increases the rate of the reaction over that for 
room-temperature molecules, but they do not 
explore how vibrational energy compares to 
translational energy in promoting the reaction. 

‘Addressing this question requires con- 
trolled deposition of energy in either translation 
cf vibration. Yan eta. have done so by combin- 
ing molecular beam scattering (in which they 
control the translational enengy precisely) with 
vibrational excitation of the reactants and 
angularly resolved detection of the products. 
‘Studying the pathway that cleaves the C-H 
bond, Cl+ CHD,+HCI + CD,, they find that 
energy in the C-H stretching Vibration or in 
translation increases the rate of the reaction by 
bout the same amount. Energy in the bending 
Vibration, deposited by heating the CHD, mol- 
ecules in the molecular beam source, is slightly 
‘more effective than translation 

‘These observations point to the subtleties of 
reactions of polyatomic molecules. The sim- 
plest extension of the correlations developed 
for three-atom systems is to consider only the 
bond that breaks, treating the CD, group as a 
single atom in ion of Cl with H-CD,, 
The location of the transition state for Cl 
CHD, suggests that vibrations should promote 


the reaction more effectively than translations, 
contrary to the experimental observation (3). 
Even ina reaction of a polyatomic molecule as 
small as methane, the structure of the nonreact- 
ing part of the molecule is potentially impor- 
tant. For example, the initially excited vibration 
can evolve into a different set of motions as the 
reactive atom approaches, even while preserv- 
ing its excitation (6, 7). 

The angular distributions measured by 
Yan etal. suggest that there is a delicate bal- 
ance of such changes. Although stretching 
vibration and translation enhance the re: 
tion to a comparable extent, the former pro- 
duces vibrationally excited HCI products 
scattered forward in a narrow cone of 
angles, whereas the latter produces HCI in 
its vibrational ground state, scattered into a 
broad range of angles. Thus, vibrational and 
translational energy both accelerate the 
reaction, but do not lead to the same out- 
come. The differences can be subtle, as in 
the scattering direction of the products, oF 
more obvious, as in the identity of the bond 
that breaks. Knowing the role of different 
kinds of energy allows better control over 
the outcome of a reaction and provides 


insights into the reactions of excited mole- 
cules in high-energy environments such 
as plasmas, combustion mixtures; and the 
atmosphere. 

imple pictures based on the idea that 
only a few motions are important in the reac- 
tion coordinate should be useful even for 
complicated reactions, As Yan et al. show, 
incisive experiments and calculations on pro- 
totypical systems can refine and guide the 
development of widely applicable and trans- 
ferable models that identify those motions 
and predict their bel 
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CLIMATE CHANGE 


Reassessing Carbon Sinks 


David F. 


bout 10 petagrams of carbon (Pg C) 
- \ «are released to the atmosphere as ear- 
bon dioxide (CO,) each year by fossil 
fuel burning and deforestation. Less than half 
of this carbon stays in the atmosphere: the rest 
is taken up by the oceans and the terrestrial 
biosphere. The anthropogenic input has nearly 
tripled over the past 50 years, and the uptake 
grown proportionally. Where does this 
uptake occur, and will it continue to grow? 
These questions must be answered if we are 0 
be able to predict future CO, concentrations 
and the resulting climate change. 
Atmospheric transport inversions can 
divide the global CO, uptake into regional 
sources and sinks. Two studies in thisissue use 
such inversion results to question our current 
view of the carbon cycle. Le Quéré et al. on 
page 1735 of this issue (/) argue that the 
Southern Ocean sink has stopped growing, 
and Stephens et al. on pas 


ker 
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(2) suggest that the tropical land regions are a 
substantial CO, sink, 

The Southern Ocean (south of 45°S) has 
Jong been thought to be a large and growing 
sink of fossil CO,. The fierce circumpolar 
winds there mix the oceans to great depths, 
keeping surface CO, concentrations close to 
the slowly changing deep-ocean values. With 
atmospheric CO, rising and surface CO, 
roughly constant, the uptake of CO, in the 
Southern Ocean should be inereasing, all else 
being equal. Le Quéré et al. looked in the 
atmosphere for the signature of this growing. 
uptake but instead found no significant trend in 
the Southem Ocean sink since 1981. Using an 
‘ocean carbon model, Le Quéré et al. show that 
‘changes in the citcumpolar winds are probably 
responsible for the stagnant trend. When they 
run their model with winds that do not vary 
from year to year, the sink grows steadily. But 
when they use actual historical winds, the 
uptake stays relatively flat, Further model runs 
show that the change in uptake mostly results 
from the impact of the winds on ocean mixing 
and upwelling, 


jiencemag. 


Carbon dioxide is taken up more by the 
Southern Ocean, but less by tropical land 
‘areas, than previously thought. 


The authors suggest that a recent trend 
toward more positive values of the Southern 
‘Annular Mode (SAM) may be driving these 
‘changes in upwelling. This possibility was first 
suggested by Wetzel etal. (3) and is explored 
in more detail by a recent modeling study (4), 
When the SAM is in a more positive pI 
the cireumpolar winds sp 


divided into two terms: the impact on the natu- 
ral CO, fluxes that have been acting for millen- 


id the impact on the anthropoge 
perturbation to these fluxes, caused by rising 
atmospheric CO, concentrations and directed. 
always into the ocean. 

Stronger winds increase the anthropogenic 
uptake by increasing air-sea gas exchange and 
bby mixing the carbon deeper into the ocean, 
However, they also increase the natural out- 
gassing of CO, that prevailed across much of 
the Southern Ovean in preindustrial times. In 
the natural cycle, deep-ocean CO, levels are 
kept high by the biological pump (the trans- 
port of carbon from the surface to the deep 
‘ocean via sinking material derived from 
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rete ty 
‘Ocean regions {and regions: 
‘Atmosphere son reat Ocean toverce ma 
Join ocesmatmonghere elt ——_‘Atmaphei ricn rea 
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Regional CO, flux estimates. Three multimodel inverse estimates or the 2990s are given the subsurface ocean 
iversions of likaoff Fletcher et al. (5, 6 corrected for river fluxes (11) (blue the TransCom3 interannual atmo- 
spheric inversion of Baker et al. (9) (red; and the joint aceanatmosphere inversion of Jacobson et ol. (20) (black). 
The oceanic and atmospheric inversions agree to within 1.5 Pg C per year for most ocean regions, including the 
Southern Ocean, for which the natural and anthropogenic fluxes mostly cance, leaving a small net uptake (see 
the report by LeQuéré et a). The land flux estimates forthe three atmospheric models from Stephens etal (2) 
that best match observed vertical CO, profiles are also given (green). These suggest that transport mode ears 
are causing ovety lage nother and uptake and topical land reeaseinthe atmospheric and joint ocean-atmosphere 
inversion results, Fluxes are given in Pg C per year. Negative values indicate uptake from the atmosphere. 


plankton). The cireumpolar winds aet as a 
large Ekman pump, driving these CO,-rich 
deep waters tothe surface, where they become 
supersaturated and release CO, to the atmo- 
sphere, In the model of Le Quéré et al. the 
inerease in the upwelling-driven natural out- 
gassing is large enough to cancel out the 
increasing anthropogenic sink. 

The same sort of transport inversions used 
to interpret atmospheric CO, concentrations. 
have recently been used to infer air-sea CO, 
fluxes from subsurface ocean carbon data. 
Mikaloff Fletcher et af. (5. 6) have found that 
in preindustrial times, the Southern Ocean 
south of 44°S wasa source of 0.4 PaC per year 
but that it has become a net sink of 0.34 Py C 
per year in recent decades as a result of the 
12 uptake of anthropogenic CO,.1fLe 
8 etal. are right, the Southern Ocean sink 
vasing by 1981, but itis still tak~ 

ing up CO, overall. 

Will the Southern Ocean sink decrease and 
pethaps shift back to outgassing? Ifthe SAM 
is indeed responsible for the observed slow- 

& down, pethaps not. The SAM trend is thought 

2 to be mainly due to stratospheric ozone deple- 

& tion, with only a smaller contribution from 

i global warming (7). As the Antarctic ozone 
hole recovers, the Southern Ocean sink may 

& well grow anew. 

8 Whetherornot the sink isstill growing, the 
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‘ocean inversions give a much lower value for 
the Southern Ocean uptake flux than did pre- 
vious estimates based on surface ocean CO, 
measurements (8), The new value is closer to 
that given by recent atmospheric inversions 
(9). In fact. the oceanic and atmospheric CO, 
inversions have arrived at consistent estimates 
‘of decadal-scale uptake for almost all regions 
of the ocean (see the figure). This is hearten- 
ing. given their independent data sources and 
errors. Where they differ, for example, in the 
South Pacific between 15°S and 45°S, the 
‘ocean inversions should be trusted more, 
given their greater spatial data coverage. 

Ifthe ocean fluxes in the atmospheric inver= 
sions are forced toward the values given by the 
‘ocean inversions, then the land regions are 
pushed toward strong uptake in the extra-tropi- 
cal north, balanced by greater CO, release from 
the tropical kind (as in the joint ocean-atmo- 
sphere inversion shown in the figure) (/0). 
However, there has been little observational 
evidence to support the idea that more than 2 Pg 
C per year is being taken up over the northern 
continents, Stephens etal. argue thatthe north- 
‘em land uptake is in fact not this large and that 
vertical mixing errors in the atmospheric trans- 
port models are biasing the inversion results. 

‘Stephens er al. compare vertical profiles of 
CO, measured routinely by aircraft at 12 sites 
around the globe to the corresponding profiles 
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predicted by 12 atmospheric transport models, 
They evaluate which models match the 
annual mean vertical profiles best. In their 
‘view, the models bes satisfying this eri- 
terion have the most realistic vertical 
mixing and boundary layer tl 
ness, produce the most accurate 
distributions of CO, when forced 
with fossil fuel, land biosphere, 
and ocean fluxes, and therefore 
give the most accurate flux esti- 
mates when used in atmospheric 
inversions, The three “best” trans- 
port models identified with this 
approach give ~1 Pg C per year less 
uptake by the northern land and ~1.7 Pg 
peryearless CO, release from the tropical land 
than the 12-model mean for 1992 to 1996, 
‘Are Stephens ef al, right that the atmo- 
spheric inversions should be corrected by this 
much—shifting over 1 Pg C/year of uptake 
from the northern to the tropical and regions? 
Is most of the tropical deforestation flux really 
compensated for by uptake elsewhere in the 
‘uopies? There are few measurements over the 
tropical land regionsto help answer these ques- 
tions, and convection-driven vertical motions 
censure that those that do exist are sensitive to 
fluxes only in their immediate vicinity, NASA 
Orbital Carbon Observatory (OCO) and the 
Japanese space agency's Greenbenise Gases 
‘Observing Satellite (GOSAT) may soon help. 
fthese satellites can find holes inthe persistent 
clouds over the tropical forests, their column- 
averaged data should discern the effects of eon- 
Yectively lofted surface fluxes much better than 
the current in situ measurements, Their lower 
sensitivity to vertical mixing should improve 
flux estimates over the northern land regions, 
too, They may be less usefull in clarifying the 
‘Southem Ocean sink, however, because of pet= 
sistently cloudy conditions there. 
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CELL SIGNALING 


Nuclear Actin as Choreographer of 
Cell Morphology and Transcription 


Jiang |. Wu and Gerald R. Crabtree 


ellular responses to environmental 
stimuli often require coordination 
‘of rapid changes in cell shape with 


reprogramming of gene expression. How- 
ever, relatively little has been known about 
how these essential events in different parts of 
the cell are harmonized. On page 1749 of this 
issue (/), Vartiainen ef al, reveal an exciting 
new mechanism underlying this coordina 
tion, involving interactions between the actin 
cytoskeleton and protein that regulates gene 
‘expression, called MAL, 

Many mammalian cells respond to serum 
(which contains growth factors and other 
stimuli) by changing their morphol- 
‘ogy and activating gene expression 
through the serum response factor. 
The target genes of this transcrip- 
tion factor include those involved in 
cell growth, proliferation, and di 
ferentiation, as well as genes tha 
control the actin cytoskeleton 
Tum response factor 
activity mirrors the state of cellular 
actin; a decrease in monomeric actin 
(G-actin) is both necessary and sufficient for 
serum response factor to activate gene 
expression (2), But how are changes in the 
amount of cellular G-actin communicated to 
the nucleus? 


‘idence in a cell, In 
‘ipates in a dynamic 


as dual r 
the eytoplasm, it parti 


ean cause a 
ure), But 
the nucleus. where it is thought to 
chromatin structure and transcription. Prior 
to serum stimulation, MAL—a myocardin 
family transcriptional coactivator for serum 
response factor (2)—resides in the cyto- 
plasm, where it interacts with G-actin, 
However, upon serum stimulation, F-actin 
forms to produce stress fibers in the eyto- 
plasm, and G-actin levels des 
spondingly. Sensing depletion of the 
pool, MAL dissociates from G-actin, and 
Vartiainen et al. show that this causes the 


The authors are at Howared Hughes Medical institute and 
Stanford University School of Medicine, Stanford, CA 


‘94305-5323, USA. E-mail: crabtreeg@cmgm stanford. edu 


22 JUNE 2007 VOL316 SCIENCE www.sciencemat 


= 


{controls elt shape and migration) 


Changes in the cell's cytoskeleton affect gene 
expression through a signaling circuit that 
involves regulation of cofactor transport and 
function by actin in the nucleus. 


rons, 


‘An actin circuit. Filamentous actn (Factin) and monomeric actin (G-actin) pools are regulated by various 
signals triggered by growth factors and other stimuli present in serum. Signals that enhance actin polymer- 
ization cause MAL to move into the nucleus. Vatiainen eal show that MAL s regulated by nuclear Gactin at 


‘multiple steps, as shown. SRF, secum response facto. 


already high basal rate of MAL import into 
the nucleus to increase. 

In addition to a role in nuclear import, 
Vartiainen et af. demonstrate surprising roles 
for G-actin in regulating the export of MAL 
from the nucleus and in controlling the 
activation of serum response factor. MAL 
also binds to G-actin in the nucleus, and 
Vartiainen et al. show that this association is 
required for MAL to exit the nucleus. Thus, 
‘one would predict that afer serum stimula- 
tion, « reduction of cytoplasmic G-actin (the 
cost of making F-actin) causes MAL to accu- 
mulate in the nucleus, thereby increasing 
MAL-dependent transcription. This indeed 
appears to be the ease, but the explanation is, 
more complex. 

The authors show that nuclear accumula 
tion alone is not enough for MAL to activate 
the expression of target genes by serum 
response factor. When MAL is prevented 
from exiting the nucleus (for example. by 
treating cells with the drug leptomycin B, 


Which inhibits the cell's nuclear export 
machinery), the complex. of MAL-serum 
response factor is transeriptionally ina 
even though it is poised on the promoters, 
of target genes (shown by chromatin i 
munoprecipitation). Repression of serum 
response factor-dependent transcription is 
relieved by serum-induced actin polymeriza- 
tion in the cytoplasm, which depletes cyto- 
plasmic G-actin, Because G-actin shuttles 
between the nucleus and the cytoplasm, 
‘events that promote actin polymerization in 
the cytoplasm also deplete nuclear G-actin 
(see the figure). Vartiainen ef af. show that 
depletion of nuclear G-actin derepresses the 
expression of genes that require MAL for 
transcription by both reducing the rate of 
nuclear export of MAL and restoring MAL 
ability to activate transcription after binding 
to target genes. This raises the question of 
how transcription by serum response factor 
is blocked by G-actin interaction with MAL 
in the nucleus, 
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One possible explanation is that G-actin 
binding to MAL in the nucleus does not per- 
mit assembly of an effective transcription 
complex, Serum response factor lies at the 
nexus of two major signaling pathways that 
‘control the expression of different genes. One 
pathway involves the signaling enzyme MAP 
kinase and the activation of transcription 
coactivators of the ternary complex factor 
family (3). The other pathway relies on the 
myocardin family of coactivators (to which 
MAL belongs) (4). Because both families of 
‘coactivators bind to the same region of serum. 
response factor, the G-aetin-MAL complex 
may have reduced affinity for serum response 
itor. Another possible explanation relatesto 
chromatin regulation by G-actin, In yeast and 
mammalian cells, G-aetinis present ina num- 
ber of protein complexes that remodel chro- 
matin (5), enhancing adenosine triphos- 
phatase activity of these complexes (6). Ithas 
been estimated that 10% of total nuclear G. 
actin is associated with SWI/SNF-like BAF 
‘chromatin-remodeling complexes. G-actin in 
these complexes may interact with MAL, 
physically linking MAL function to that of 
the remodeling complexes (inhibiting tran- 
scription), presumably by forming chromatin 
structures that repress gene expression. 
However, MAL has not been found associ- 


ated with chromatin-remodeling complexes, 
making this explanation less attractive. A 
more likely explanation of how transcription 
by serum response factor is blocked by the 
MAL-G-actin complex is that G-actin sim- 
ply interferes with MAL association with 
components of the general transcription 
apparatus, thus preventing serum response 
factor from activating transcription. 

‘Skeptics might argue that many mecha- 
nisms elaborated in cultured cells m 
true of the cell line, with its specifi chromo- 
somal breakages, DNA methylation patterns, 
and thereby altered genetic circuits. This is 
almost certainly not the case with the work by 
Vartiainen er al. Although the authors used 
fibroblast cell lines, aspects of their mecha- 
nism are supported by rigorous genetic stud- 
iesin mice. For example, deletion of the serum 
response factor gene in mice leads to death of 
‘embryos at gastrulation (7), when both tran= 
scription and actin-inducedcell movement are 
essential. Conditional deletion of serum 
response factor in the murine nervous system 
produces specific defects in neurite outgrowth 
and neuron migration that are linked to 
reduced expression of actin and its regulators 
(8, 9. Finally, mice genetically engineered to 
ack AMAL have defects in myoepithelial cell 
differentiation (0). 
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Cell biologists have long thought of actin 
regulation in the context of controlling cell 
morphology and movement. However, if 
confirmed by additional genetic studies (for 
example, analysis of mice with mutations 
MAL that block its interaction with actin), 
the work by Vartiainen et al. elucidates how 
actin choreographs the regulation of mor 
phology and transcription, Such a coordi- 
nated genetic circuitry must underlie such 
diverse events as early embryonic develop- 
ment, neuron migration, blood vessel for- 
mation, and lymphocyte signaling, 
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PSYCHOLOGY 


Birth Order and Intelligence 


Frank J. Sulloway 


esearch on birth order and intellectual 
Rens is replete with contradic- 
‘ory findings and long-standing eon- 

ceptual disagreements. In the wake of these 
ongoing controversies, a new study that has 
profited from past debates is especially wel- 
come, In an elegantly designed analysis of 
241,310 Norwegian 18- and 19-year-old that 
appears on page 1717 of this issue, Kristensen 
and Bjerkedal show that older siblings have 
higher intelligence test scores than younger 
siblings (/). In addition, these two researchers 
demonstrate that how study participants were 
raised, not how they were born, is what actu- 
ally influences their IQs. 
In a companion study. Bjerkedal er al. (2) 
show that birth-order differences in their 
Norwegian sample are nearly identical fora 
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subset of adjacent siblings who were raised 
together (127,902 individuals) and for a 
between-family sample (112.799 individu- 
als). Critics have long argued that such birth- 
order effects, which typically emerge in 
between-family studies, are spurious—phan- 
m artifacts of uncontrolled differences in 
unily size. socioeconomic status, parental 
1Q, and other background factors (3-5). At 
least in the domain of intellectual ability, the 
new Norwegian findings rule out this alterna- 
tive explanation. 

Crities might still argue that the mean 1Q 
difference documented between a Norwegian 


Such a modest difference. however, can have 
far greater consequences than most people 
realize. For example, if Norway's educational 
system had only two colleges —a more presti- 
gious institution for students with IQs above 
the mean, and a less desirable institution for 
all other students—an eldest child would be 


Alter nearly a century of debate, a large study 
shows that birth order influences intelligence, 
bbut the reasons remain to be resolved, 


about 13% more likely than a secondborn to 
bbe admitted to the better institution (the rel 


tive risk ratio), and the odds of a firstborn 
timesas great. In 
ber 


being admitted would be 1 
medicine, new therapeut efits of this 
magnitude often make front-page headlines. 
In addition, such differences in opportunities 
gained or lost inevitably accumulate over 
one’s lifetime. 

One puzzle highlighted by these latest 
findings is why certain other within-family 
studies have failed to show equally consistent 
results. Some of these previous null findings, 
which have all been obtained in much smatler 
samples, may be explained by inadequate sta- 
tistical power, as Bjerkedal eral. themselves 
suggest. But most previous researchers have 
overlooked another intriguing reason for such 
inconsistent outcomes, which are generally 
found in studies of children rather than adults, 
As has been noted by Zajone and colleagues, 
younger siblings tend to score higher than 
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O-related 


Sibling differences. The efficacy of models predicting differences in intellectual performance. Classifications are based on 
‘whether each theory offers a possible explanation for reported IQ differences, although not necessarily 3 correct explanation, 


‘older siblings when tests of intellectual ability 
are conducted underthe age of about 12(6, 7) 
In more than 50 previous simples, there is a 
significant tendency for 1Q disparities by birth 
order to reverse direction as children get older. 

Zajonc’s own confluence model of intel- 
lectual ability provides a possible explanation 
for this curious age-related reversal in birth- 
order effects. According to this model, the 
family’s overall intellectual environment 
embodies dynamic aspeetthat includes ll of 
itsmembers’ relative contributions. For exam- 
pile, the intellectual environment ofa firstborn 
at, say. age 7 is actually less favorable than the 
environment ofa 2-year-younger sibling at the 
same age. This is because the younger sibling. 
being linguistically and cognitively less 
mature, degrades the firstborn’s intellectual 
environment, whereas the older sibling en- 
riches the secondborn’s environment, To 
explain why older siblings eventually tend to 
overtake their younger siblings in intellectual 
performance, Zajone’s model posits a tutoring 
effect, which kicks in as older siblings begin to 
teach what they know to their younger broth- 
ers and sisters, Through the organization and 
expression of thoughts, teaching younger sib- 
lings is posited to benefit the tutor more than 
the leamer, especially since lastborns have no 
one to tutor, 

Given the latest findings from Norway, itis 
‘usefl to compare the featuresof various com- 
peting theories about birth order and intelli- 
ence and to assess how they now stack up. 
‘These alternative explanations include family 
resource dilution models (of which the conflu- 
ence model is a sophisticated variant), theo- 
ries about prenatal influences, and “admix- 
ture” theories asserting that birth-order effects 
are spurious products of uncontrolled con- 
founding influences. As shown in the table, 
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Confluence 


Resource dilution 
theories 


Prenatal 


resource dilution models and the confluence 
model both do well in providing possible 
explanations for birth-order differences, as 
\wellas for other family-related effects in intel- 
sence (8). For example, both models are 
consistent with the fact that children without 
siblings, who are more likely than other chil- 
dren to grow up in single-parent homes and 
who also lack a sibling to tutor, generally 
exhibit lower test scores than firstborns hav- 
ing a younger sibling. Similarly, twins are 
expected to score lower than singletons, either 
because of gestational factors (twins compete 
for resources inside the womb) or because 
they dilute the family’s intellectual environ- 
‘ment more than do singletons. Without going 
into further detail about the relative ments of 
the various models outlined in the table, it is 
nevertheless noteworthy that only the conflu- 
ence mode! addresses the apparent reversal in 
intellectual performance by birth order as 
children are growing up. 

The confluence model has been criticized 
repeatedly over the past three decades (4, 5), 
Although this embattled model has survived 
these critiques, it is not without unresolved 
problems. One difficulty istheabsence of any 
direct evidence showing that tutoring by older 
siblings actually raises their IQs, although 
indirect evidence is suggestive (9). A plausi- 
ble alternative to the supposed effects of 
tutoring involves competitive niche parttion- 
ing within the family. Well-designed within- 
family studies have consistently shown that 
firstboms are rated by themselves their par- 
ents, and their siblings as being more self-dis- 
ciplined, hard-working, and intelligent than 
their younger siblings, and also as being “the 
achievers” of the family (/0-/2). Although 
such perceived sibling differences might well 
reflect differences in family roles, oreven sib- 


theories 


ling stereotypes. rather than 
real or permanent differences 
in personality or ability. such 
competitive role differentia- 
tions and shared beliefs may 
also help to explain why elder 
siblings, by early adulthood, 
have higher 1Qs than their 
younger siblings, 

Thanks to the new results, 
we no longer need to wait for 
truly persuasive data to justify 
those theories that consider 
birth-order differences in int 
lectual performance to be a 
within-family phenomenon, 
It seems likely, however, that 
portions of past theories — 
formerly uncompromising 
rivals—may be required with 
in any theory that is adequate to the task of 
explaining findings from large national sam- 
ples. For example, parents who tend to have 
small families may, on average, have higher 
1Qs than do other parents, contributing to 
family-size effects in both between- and 
within-family data (5). Similarly, gestational 
factors may no longer provide a plausible 
explanation for birth-order effects relating to 
intelligence, but they are still relevant to 
‘understanding why twins have lower IQs than 
singletons, The greatest challenge that now 
confronts birth-order researchers is to find, 
and to creatively mine, other large data s 
like that available in Norway, so that alter 
tive explanations can be tested against 01 
another, allowing some of these adversari 
rivalsa continuing, ifmore restricted, role ina 
‘multifaceted explanation, 


association 
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Current Problems in the Management 


of Marine Fisheries 


J. R. Beddington,” D. J. Agnew,? C. W. Clark* 


The public perception of 
scient 


isheries is that they are in crisis and have been for some time. Numerous 
ic and popular articles have pointed to the failures of fisheries management that have 


‘caused this crisis, These are widely accepted to be overcapacity in fishing fleets, a failure to take 
the ecosystem effects of fishing into account, and a failure to enforce unpalatable but necessary 
reductions in fishing effort on fishing fleets and communities. However, the claims of some 
analysts that there is an inevitable decline in the status of fisheries is, we believe, incorrect. There 
have been successes in fisheries management, and we argue that the tools for appropriate 
management exist. Unfortunately, they have not been implemented widely. Our analysis suggests 
that management authorities need to develop legally enforceable and tested harvest strategies, 
‘coupled with appropriate rights-based incentives to the fishing community, for the future of 


fisheries to be better than their past. 


he United Nations Food and Agriculture 
| ‘Onuanization (FAO), which monitors the 
state of world fisheries, has estimated that 
since 1990 approximately one-quarter of fish 
stocks have been overexploited, depleted, or are 
recovering. from depletion (17%, 7, and 1% 
respectively) (7), with the Northeast and North- 
‘west Atlantic, the Mediterranean, and the Black 
Sea being the areas with the largest number of 
depleted stocks (2), Many authors have elabo- 
rated on these conchisions, documenting 
the poor state of fisheries Worklwide (3). 
Nevertheless, the situation, although seri- 
‘ous, is not catastrophic, and there are 
grounds for optimism, There have been 
successes of fisheries management, ant 
there is an understanding of what is in- 
volved in successful fisheries management 
and of the requirements for its implemen- 
tation, ‘These issues ane explored in this 
review 
‘The management of comme 
cies clearly requites a good scientific 
understanding of the behavior of the ex- 
ploited stock oF socks. The science that is 
used to assess commercially exploited 
species is still dominated by the popult- 
tion models developed by Beverton and 
Holt for singke-species assessments some 
50) years ayo (4). The availability of sub- 
stantial computing power has meant that 
sophisticated estimation methoxls can be used, 
and an appreciation of the way in which fish 
stocks respond to environmental. variability is 
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data and the demands of multiparameterized 
rmultispecies models means that most ecosystem 
considerations in practical sock assessment tend 
to be ad hoc manipulations of the singke-species 
approach (6), 

What has developed i 


a walization that 


effective management requires an understanding 
‘of how the fishery system is performing relative 
to reference points. The most commonly used 
reference points are those relating to the size of 


Fig. 1. Typical reference points and stock status definitions 
for stock biomass and fishing mortality. The timit of fishing 
‘mortality that generates biological extinction is F extinction. 


the stock itselfand the fishing mortality that will 
result in these stock sizes. given existing re- 
lationships between the stock, recruitment, nat- 
ural mortality, and growth (Fig. 1). A typical 
inget reference point” is the biomass neces- 
sary to produce maximum sustainable yield 
(BMSY). However, such tangets do not explic- 
itly recognize threats tothe stock. To address this 
issue, stock size “limit reference points” are 
usually defined or intempreted as the stock bio- 
mass below Which recruitment becomes subs- 
tantially reduced. Clearly, its important to avoid 


situations where the stock is at or below this 
level. Accordingly, management should aim to 
have as atargeta level of stock size that carries 
low risk (allowing for scientific uncertainty) of 
the stock dropping below the limit referenc 

point (7). This could mean having a target level 
of fishing monality that provides stock sizes 
above BMSY. 


Understanding Fisheries Management 
‘Competent scientific advice based on appropriate 
data is far from ubiquitous in the fisheries workd, 
and even in ideal situations, fisheries manage- 
‘ment has ofien been unsuccessful, The success of 
a management system is often defined in terms of | 
biological, economi and political objec= 
tives. Clearly, economic and social objectives will 
‘not be met while a stock isin such a depleted state 
that the long-term sustainability of the fishery is 
threatened, but equally, biological objectives are 
unlikely to be met without consideration being 
given to cconomie and social objectives, Hence 
Wwe argue that an understanding. of the fishery 
‘management process can only come from ana- 
Iyzing the capacity and incentives of the two key 
stakeholders: the fishing community and the 
‘management authority. This is not to belittle the 
importance of ether stakcholders, such as were 
tional fishers and environmental groups, who 
have important roles in the management of 
tain fisheries. 

Where management is Weak or non 
existent, the economic factors underlying 
overfishing in commercial fisheries have 
been generally understood since the 
1950s (8), In short, when multiple fishers 
compete to catch fish from a given pop= 
lation, each fisher maximizes his net 
income by continuing t0 fish as long as 
he value of his catch exceeds the cost of 
catching it, An equilibrium, called the 
bionomic equilibrium, is reached only 
when fishing has reduced the fish popu 
lation to a Jevel at which eateh rates are 
barely sufficient to cover the costs of 
fishing. The population is then -main= 
tained at this level through biologi 
processes of natural growth and repro- 
duction, Thus, iff the price:cost ratio is 
high, the bionomic equilibriuin will result 
in a low stock of fish, and hence a low 
annual catch level: two characteristic 
features of overfishing. In addition, the so-called 
ccconomic rents (total revenue minus total costs) 
from the fishery will equilibrate at zero, resulting 
in minimal overall economic efficiene 

Many management authorities seck to meet 
their objectives by setting output controls in terms 
ofa total allowable catch (TAC) for the year and 
losing the fishery when the year's cumulative 
catch has reached the TAC. Restrictions on fish- 
ing gear, fishing season, and fishing ancas, as a 
supplement to the TAC, may also be imposed. If 
the TAC is comeetly specified and enforced, this 
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method should maintain a stock level well 
above that of bionomic equilibrium. If, however, 
the TAC and the science behind it are not re- 
spected by fishermen and not adequately en- 
forced by authorities, widespread illegal fishing 
‘ean occur, A recent example is in the eastem 
Bahtic cod fishery where illegal fishing contrib- 
Utes to true catches being some 35 t0 40% higher 


simply, fishers will be deterred from breaking 
fishing regulations if their expected loss from 
detection and successful prosecution exeeed 
their expected gain, In many fisheries, the prob- 
ability of detection of illegal activity and the 
Penalties ane not sulliciently high to act as a 
disincentive (6), 

‘Strong management can ensure that bio- 
Togical targets are met, but it is essential that 
regulations are enforeeable, and this has often 
proved to be difficult, Less-than-perfect enforee- 
iment can lead to illegal fishing, poor scientific 
data, and a failure 10 meet biological targets 
Input measures, such as fimiting the number of 
vessels or restricting available season length, 
are usually more easily enforceable than output 
measures such as TAC (10). However, control 
via input measures is vulnerable to effort creep, 
\whereby operators inerease the fishing power of 
their vessels through technical means. Never- 
theless, monitoring of vessel perfomance over 
time and adjusting the allowable level of effort 
have allowed successful effort control to be 
implemented (/1), 


Overcapacity 

Simplistically, it woukl seem that positive eco 
homie rents shouk! also emerge ina TAC. 
regulated fishery. n reality, many TAC-regulated 
fisheries have experienced an unexpected in- 
‘erease in fishing capacity, as additional vessels 
center the fishery in response to (temporarily) 
positive rents. Economic models (/2, 13) then 
predict a regulated bionomic equilibrium, in 
‘which economic rents (net of fixed costs) again 
‘exquilibrate at, oF near, zero. This situation cur- 
rently exists in many of the world’s regulated 
fisheries: overcapacity of fishing Meets is wide 
ly perceived asa major impediment to achiev 
ing economically proxiuctive fisheries (14). It is 
thus ironic that such overcapacity. is usually 
generated by the management system itself, 
although it ean also result from high profitabil- 
ity during the initial phase ofa newly developing 
fishery. 

Overcapaity is widely recognized as a major 
problem affecting world fisheries. With its at- 
tendant social and economic problems, over- 
capacity can, via the political process, lead to the 
erosion of management control (75). It is also 
lunderstood to be one of the results of subsidizing 
fisheries, which even today is estimated to be 
eral tens of billion US. dollars per year (16). 
Such subsidies directly undermine the sustain- 
ability of fisheries because they lead to a bio- 
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‘economic equilibrium with high levels of fishing 
and low stock size. In several fisheries, gover- 
ment finds have been used to buy out excess 
fishing capacity. For various reasons, such buy 
bback programs have been less effective than ex- 
pected. First, often only the least efficient vessels 
‘are bought up, Ieaving total fishing capacity 
largely intact. Second, the buyback program by 
itself does not remove the economic incentives 
underlying overcapacity, which tends to increase 
‘once the buybacks are completed (/2, 17). 
‘Thus, the underlying cause of the dual crisis 
of overfishing and overcapacity, as well as other 
undesirable outcomes, such as habitat destruction 
and incidental kills of untargeted species, can be 
found in the economic incentives of fishers who 
compete for their annual catches. These incen- 
tives are not affccted by management strategies 
that retain the competition between fishers for a 
‘common-pool resource. Perhaps the mast impor 
tant development in fisheries management over 
‘the past 20 years has been the recognition of this 
fact and the introduction of rights-based man- 
agement in several regimes. Indeed, it has been 
argued that of the tools at the disposal of man- 
‘agers, more emphasis needs to be placed on 
incentive-based approaches that better specify 
community and individual harvest oF territorial 
rights, in additional to public research, monitor- 
ing, and effective administrative oversight (18). 


Transferable Quotas 

An altemative management strategy based on 
individually allocated transferable annual catch 
‘quotas (Qs, or individual transferable quotas) is 
now in effect in several fishing nations, including 
Australia, New Zealand, Iceland, Canada, and 
Namibia. A well-onganized rights system alters 
the economic incentives of fishers, who no longer 
‘compete for their catches, so that highly com- 
petitive fishing no longer takes place. The guar 
aantee to fishers of a certain proportion of the 
catch allows them to make rational economic 
choices about where and when they cateh fish 
An ITQ system goes further, allowing the 
industry to settle ona fleet capacity that optimizes 
individual cconomic yiek! 1o vessels oF cooper 
atives, although this of course can still be dis- 
torted by inappropriate subsidies, 

In addition, ITQ fishers may often be 
expected fo favor management actions that pro- 
tect and enhance fish populations, because the 
Value of quota share increases as stocks become 
‘more abundant, Problems that may arise, such as 
‘misreporting or high-grading of catches, have 
bbeen successfully countered by the use of ob- 
servers, required by the management system but 
paid for by the industry: observers are used ex- 
tensively in the U.S. Pacific fisheries, Australia, 
and New Zealand. Experience with ITQ systems 
shows that many fishers willingly support and 
adhere to conservative management strategies 
and may also avoid fishing practices that en- 
danger habitat or threaten other species, s0 long 
as they are guaranteed long-term rights. But this 


does not mean that enforcement and scient 
‘monitoring are unnecessary in ITQ systems, both 
are essential unless catch levels are set at pre- 
ctutionary Jow levels, I is thus unsurprising that 
the two countries with pethaps the most fully de- 
‘veloped ITQ systems, New Zealand and lecland, 
have some of the highest costs of management 
per fishing vessel (19) 

‘Several authors have pointed to instances of 
‘suecessfil fisheries management in both the de- 
veloped (20, 27) and developing (22) workd, 
Ammong their conclusions are that incentive struc- 
ture, institutional capacity, and pa 
stakcholders are of key importance. However, 
some studies, a rights-based approach is seen as 
the primary mechanism to deliver this (18), where- 
as in others, severe top-down controls with very 
limited participation of fishing communities 
the management process are advocated (23), 
gue here that a necessary condition for success 
ful management contains all these elements: a 
‘competent management authority able to set and 
enforce regulations and monitor the status of the 
stock, together with some form of rights-based 
allocation to fishing operators (ether collectively 
(or individually) to avoid the situation where 
overcapacity produces economic hardship and 
srodes management capacity. 


Evidence from Fisheries Performance 
Reviews of successful fishery management are 
of necessity specific to individual fisheries and 
sometimes ancedotal, However, in some lange 
areas, a combination of strong state governance 
and wealth, substantial scientific activity, and 
diflerent types of fishery management offer the 
‘opportunity of some comparison between dif 
ferent types of fishery management that go 
beyond the ancedotal 

Detailed data on the status of different 
fisheries are published for U.S., Northeast At- 
fantic, Australian, and New Zealand fisher 
‘The approach to management taken by these 
authorities is varied. New Zealand has the most 
developed and widespread application of indi- 
‘vidual user rights (ITQs), which have been in 
place from 1986 and have spawned other devel 
‘opments such as collaborative and altemative 
research by stakeholders (24), ITQs are present 
also in some Australian fisheries, a very few US. 
fisheries, and some Nomheast Atlantic fisheries, 
(The Faroes, Norway, Iceland, and United King- 
dom have rights-based systems, and some fleets, 
notably the Dutch flatish and Spanish Grand 
Sole flets, are also managed via ITQ.) 

fa broad view is taken of these management 
areas, the evidence for the positive benefits of 
TTQs in supporting sustainable resource use is 
mixed. Only 15% of New Zealand's stocks with- 
fn the quota management system, for which the 
stock status is known, are substantially below the 
target reference level. For other administrations, 
the percentage of stocks that re below the lit 
reference level (ie., overfished), out of the total 
‘number of stocks for which the status is currently 
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known, is 19% for Northeast Atlantic fisheries 
managed by non-European Union (EU) admin- 
istrations (Iceland, Faroes, and Norway), 25% for 
federally managed US. fisheries, 30% for North- 
‘east Atlantic fisheries managed primarily by the 
EU, and 40% for Australian Commonwealth 
fisheries (25, 26) (sce supporting online material), 
Even within the United States, there are very lana 
regional differences: 40% of major Fish Stock 
Sustainability Index (FSSI) stocks managed by 
the New England and Mid-Atlantic Fishery 
Management Councils for which the stock status 
is known, are overfished, and 310% are subject 10 
‘overfishing, By contrast, only 13% of FSSI stocks 
managed by the Pacific, West Pacific, and Noah 
Pacific Management Councils are overtished, 
\with 6% sulfering from overtishin; 

Only the United States has seen an improve- 
ment in performance over the past several years: 
in 2000, 38% of U.S. stocks for which the status 
‘was known were classified as overfished. All 
‘other areas have experienced some increases in 
the number of overfished stocks in the past 
decade, although the increases in New Zealand 
have been very small and are offSet by recoy- 
cries in some inshore stocks. However, these 
statistics disguise a quite dynamic situation with- 
n cach region; For example, of 74 U.S. stocks 


requiring rebuilding, biomass is increasing in 
48% of them even if they have not yet achieved 
rebut sits (27), 


More detailed examination of the U.S. situ- 
ation reveals that although ITQs are not generally 
applied, West Coast fisheries are managed by 
{quota controls with fishing rights assigned. to 
fishing companies oF sectors, whereas in the 
northeast, fisheries are managed by a days-at-sea 
scheme and other effort controls 28), In terms of 
their current performance and the stock recovery 
required by the Magnusson-Stevens Ack, West 
‘Coast management systems appear to be more 
effective than northeast coast systems: Only two 
of the 18 New England stocks that were over 
fished in 1995 have now recovered, compared to 
4 of 9 stocks similarly categorized by the Pacific 
Fisheries Management Council (27), 

Clearly, non-ITQ management systems do 
hot always fail to maintain sustainable stocks, 
and management systems using ITQs are not 
always successful, The ertical additional require- 
ment appears to be a formally adopted manage- 
ment strategy with predefined rules for what to 
do in different circumstances. In New Zealand, 
in addition to an ITQ system, a formal harvest 
strategy embedded in the Fisheries Act (1996) 
means that rebuilding is statutorily required when 
the stock is below its tanget level (29) By 
contrast, the lack of a formally adopted harvest 
strategy in the Australian Southern and Eastem 
Scalefish and Shark fishery has led to an increase 
in the number of overfished stocks in that fishery 
‘over the past 10 years, despite operating with an 
ITQ system since 1992 (30) EU fisheries also 
lack a formal harvest strategy: although there is a 
commitment under the 2002 revision of the 


www.sciencemag.org_ 


‘Common Fisheries Policy to develop multi- 
‘annual management plans for all stocks, such 
plans are only curently defined for 17 of the 94 
stocks that fll under EU management, and many 
‘of these have had to be negotiated during periods 
of stock collapse. 

The key problems, ic, the need to provide 
incentives to fishers to engage constructively in 
fisheries management and the need 0 have 
strong legal support for predefined harvest strat- 
cegics, apply equally to management of stocks 
under national control and those in international 
waters under the control of Regional Fisheries 
Management Organisations. To our knowledge, 
none of the latter currently allocate rights to in- 
dividual fishers, and only a few have defined and 
tested effoctive harvest strategies. Allocation prob 
Jems continue Wo besct these high-seas fisheries 
and influence compliance, data availability, ant 
transparency (37-33), 


Higher management costs 


Yield 


Low 


Fishing effort 


REVI 


‘Ultimately, the most successful management 
approaches are likely to combine rights-based_ 
systems, creating incentives for fishers to operate 
efficiently and with long-temn sustainability in 
mind, with a strong legal structure that requires 
the development of pre-agreed harvest strategies 
und decision rules that are triggered and adhered 
to as reference points are passed. As indicated 
carlier, an adequate control of fishing activities is 
also necessary (79), 


Addressing Ecosystem-Based Management 
In recent years, there have been many calls for 
much wider use of Marine Protected Areas to 
address the neod for ecosystem-based manage- 
ment, We see these as a useful part of fishery 
regulation, but they are not a universal solution 
because unless the basic issues of capacity, 
‘lation, and rights are solved, protected areas will 
simply displace the problem elsewhere, In this 


‘Minimum management costs 


High 


(people, boats. nets, otc) 


Fig. 2. The fishery management dilemma is illustrated with a simple stock production curve 
showing sustainable yield varying with effort. Low effort reduces biological risks and enhances 
economic profits at the cost of low employment and higher management costs. High effort 
increases employment at the cost of low economic profits and increased biological and social risks, 


but with low management costs (40). 


The recovery of depleted fish stocks is a 
key issue and one to which most countries 
‘committed themselves in 2002 as part of the 
World Summit on Sustainable Development, 
An effective reduction in fishing effort, the 
participation of fishers and other stakeholders 
in the science and decision-making process, 
and! the biology of the species are important 
factors affecting successful recovery (34), 
However, unless a harvest strategy is defined, 
With pre-agreed, legally binding decision rules 
requiring reductions of effort when stock sizes 
decline below limit reference points, most 
wanagement authorities will still delay taking 
action to recover stocks. Some of this delay 
‘may arise from uncertainty in the science, but 
mostly it arises from an unwillingness to take 
decisions that will ereate hardship for fishers, 
and usually a delay will exacerbate stock de- 
cline (35). 


‘we concur with recent reviews (/8, 20, 36, 37) 
that emphasize the primary importance of 
conventional measures to control fishing mortal 
ity and the secondary but essential role that 
marine protected areas (or other area-based man= 
agement, such as local prohibitions on particular 
gears such as bottom trawls) have in dealing with 
specific issues of ecosystem conservation, such 
as bycatch and habitat damage. 

‘The simple creation of ights-based incentives 
{does not automatically deal with ecosystem prob- 
lems, because fishers have litle incentive to 
‘minimize bycatch or habitat damage that does not 
affect their target species. An interesting recent 
development is the ereation of additional incen- 
tives for fishers through market measures, such 
as the creation of sustainable fisheries certifi 
tion schemes and pressure from environmental 
rnongovemmental organizations. for responsible 
fisheries. Fishers have a major incentive to im- 
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prove fisheries to satisfy certification conditions, 
and so far most of the conditions raised in Marine 
Stewardship Council centtications have concerned 
the ecosystem effects of fishing, often related to 
‘quantifying and reducing deaths of bycatch spe- 
‘cies andl damage t habitat (see supporting online 
material), 

Even in the statistics documented for some of 
those states with appreciable management capsic- 
ity, what is striking is for how many stocks, the 
status is uncertain or not determined. In. the 
United States, the stock status of 30% of the 230 
ajor (FSSD stocks and stock complexes was 
undetermined in 2006; in Australia (48%), New 
Zealand (78%), and the Northeast Atlantic 
(61%), the numbers are even higher (38), 

Given the problems that most authorities have 
in deriving reliable quantitative assessments of 
their stocks of major commercial. importanc 
the large numbers of small, commercially unim- 
portant stocks present in most areas, usually as 
bycatch, cannot realistically be assessed. Under a 
‘comprehensive ecosystem approach, risk assess- 
iment methodologies should be used to identify 
those bycatch species in need of special measures 
(39), and monitoring programs, forinstance using 
scivittic observers, need to be implemented 10 
monitor trends in all bycatch species. The appli- 
cation of these approaches is in its infaney even 
nthe most advanced management schemes: 
many simply respond by setting untested but 
hopefully precautionary effort or catch limits (70), 

‘These considerations apply even more strong- 
ly to fisheries operators in developing countries. 
In asituation of litle or no management capacity, 
some form of biosconomic equilibrium is the 
ely result, but in such eases the management 
priorities may be different. Indeed, high employ 
ment with relatively modest economic rent, as 
Jong as it is compatible with the sustainability of 
the resouree, may be a perfectly legitimate man- 
agement goal (Fig. 2), In other cases, the de 
velopment of Territorial Use Rights (TURFS) 
within local communities can lead to effective 
‘management control and rights-based operations, 
resulting in suecessfil management (20, 22). 


Concluding Remarks 

‘There is no doubt that there is a major problem 
\with the world’s fisheries, and, despite serious 
attempts to improve management and to facilitate 
recovery of depleted stocks, the sucess has been 
limited. The key issue that we highlight it this 
roview is that for successfil management a dual 
‘approach is required, one in which authorities 
provide incentives for conservation based on 
fishers’ rights and which is supported by strong 
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‘management incorporating legally enforced and 
tested harvest strategies. 
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Explaining the Relation Between 
Birth Order and Intelligence 


Petter Kristensen™* and Tor Bjerkedal? 


the interest in the relation between birth 
I onker and intelligence dates back 10 Sir 
Francis Galton’ English Men of Science 
(1). Galton found more firstbom sons in prom- 
{nent positions than what he attributed tw chance. 
‘This was the start of numerous studies; one of the 
most influential was a Science publication in 
1973 showing negative as- 


sociation between birth onder 
and intelligence in young 107 
Dutch men (2) Since then, 

Acailiaat, paienokgiae, ox, (OC 
and demographes have po — G105 


posed several explanatory 


models (3). The most inth a 104 
tial models to 
explanations retating ® 103 
‘actions within the family and = 
favorable conditions for inte — © 102 
leewal simalaion for lowe 
biith-onder children, 101 
Several researchers have 
claimed that the relation be- CF 100 


twveen birth order and intelli- 
sence is fase, confounded by 
factors relating to family siz 
Families with low-intelligence 
children tend to be large, and 
the relation with birth onder 
an atifact when comparisons 
between famities are made (3). 
This explanation would not 
produce birth order effects 
between siblings. Thus, the 
demonstration of small but 
notable birth order effects on 
intelligence quotient (IQ) it 
lange studies examining relations within faites 
(4, 5) contradicts the idea that artfnt i the full 
explanation. 

‘A third) model claims that the relation is 
explained by prenatal or gestational factors. One 
hypothesis suggests an effect of maternal anti- 
boy attack on the fetal brain: Maternal antiboaly 
levels tend to increase by higher birth orders in a 
sugested mechanism parallel to rhesus incom- 
patibility and erythroblastosis (6). It has been 
shown that children of mothers with autoim- 
mune disease have an inereased risk of arming 
disabilities [for example, (7)], but there are no 
‘empirical data to support immunoreactivity in 
explaining the bith onder effect. 

Some children have different social and 
biological ranks in the family. One example is 


© 
© 


© 
© 
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children who grow up in Families with deceased 
elder siblings. A social interaction effect within 
the family would result in higher scores for a 
sccondbom who had lost an elder sibling than 
for subjects ranked second both socially and 
biologically. On the other hand, ifthe birth order 
cflcct was gestational, secondbor children who 


1Q scores were negatively associated with 
both bith onder and social order (table S1), Linear 
regression showed that these associations were 
stronger in adjusted models and that the effect of 
both order no longer was significant (P= 0.76) 
afer accounting for social order (table S1). 

The adjusted 1Q scores in association with 
all combined categories of bith onder and social 
‘onder are given in Fig. 1, Conscripts of first rank 
in social terms, no matter their biological rank, 
scored equal to firstbom men, albeit the conti- 
dence interval for the birth order three result 
was wide, Men of birth order three who grew 
pas the second eldest child had 1Q scores 
lose to those of secondboms with no elder 
sibling loss, 

This study provides evidence that the rela- 
tion between birth order and 
1Q score is dependent on the 


# Nosiblings died 
® One sibling died 
© Two siblings died 


1 2 
Birth order 


Fig. 1. Relation between bisth order and 10 score. Mean 10 scores for male conscripts, 
fist, second-, and thirdborn in Norway to mothers with single births only and first birth 
from 1967 through 1976, according to birth order and number of elder sibtings who died 
in infancy (age < 1 year) Scores are adjusted for parental education level, maternal age at 
birth, siship size, birth weight, and year of conscription. Error bars show 95% confidence 
intervals (CIs). Reference: birth order one. 


are raised as the eldest would have 1Q scores 
equal to those of other secondbom children 

‘We have dats on birth onder, vital status of elder 
siblings, and 1Q scores among male Norwegian 
‘conscripts (8). This gave us an opportunity to test 
the fimily interaction and the gestational expla 
nations. We anticipated that men who had a bio- 
logical rank different from the social rank would 
sore better than maks of similar birth order 
‘ho had not experienced the early loss of elder 
siblings if the social interaction hypothesis was 
right, whereas similar scores would support the 
gestational hypothesis. Because children from 
families with an adverse reproductive history had 
a less-advantageous distnbution on a number of 
factors associated with low 1Q (4), we considered 
it important to adjust for those Factors 


social rank in the family and 
not birth order as such, Fur 
thermore, conscripts with loss 
of siblings are disadvantage 
‘compara with conscripts with 
no such loss regarding several 
factors associated with intelli- 
‘gence. Therefore, higher scores 
in the former group are hardly 
compatible with the artifact 
hypothesis 
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Genome Sequence of Aedes aegypti, 
a Major Arbovirus Vector 
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‘We present a draft sequence of the genome of Aedes aegypti, the primary vector for yellow fever 
‘and dengue fever, which at ~1376 million base pairs is about 5 times the size of the genome of the 
malaria vector Anopheles gambiae. Nearly 50% of the Ae. aegypti genome consists of transposable 
elements. These contribute to a factor of ~4 to 6 increase in average gene length and in sizes of 
intergenic regions relative to An. gambiae and Drosophila melanogaster. Nonetheless, 
chromosomal synteny is generally maintained among al three insects, although conservation of 
‘orthologous gene order is higher (by a factor of ~2) between the mosquito species than between 
either of them and the fruit fly. An increase in genes encoding odorant binding, cytochrome P450, 
and cuticle domains relative to An. gambiae suggests that members of these protein families 
underpin some of the biological differences between the two mosquito species. 


‘osquitoes are vectors of many impor- 
tant human diseases. Transmission 
of arboviruses is largely associated 


with the subfamily Culicinae, Iympha 


the more serious manifestation of disease. The 
incidence of dengue, for which mosquito mau 
agement is curently the only prevention option, 
is on the increase (8). Thus, there is an urgent 


worms with both the Culicinge and the sub- need to improve the control of these diseases 
ind transmission of malaria- and their vector 
causing parasites with the Anophelinac (/). ‘The availability ofa draft sequence of the 278 


Ales aegypti is the best-characterized. species 
within the Cul 


million base pair (Mbp) genome of Anopheles 
gambiae (9) has accelerated research to develop 
ew mosquito and malaria-control. strategies, 
Comparisons between An, gambiae and Drow 
sophila melanogaster (10) revealed genomic 
differences between the two insects that reflect 
their divensence ~250 million years ago (/1), 
Anopheles mosquitoes radiated from the Aedes 
and Culex lineages ~150 million years ago (12 
and Ae. aexypti and An. gambiae share similar 


and has provided much of the existin 
tion on mosquito biology. physiology, genetics, 
and vector competence (3, 4), It maintains close 
association with human populations and is the 
principal vector of the etiological agents of yel- 
Tow fever and dengue fever (5, 6), as well as for 
the recent chikungunya fever epidemics in coun- 


tries in the Indian Ocean area (7). Despite an 
elective vaccine, yellow fever remains a dis- 
‘case burden in Arica and pats of South America, 
‘with ~200,000 cases per year resulting in ~30.000 
deaths (5). About 2.5 billion people are at risk 
for dengue, with ~$0 million cases per year and 
500,000 cases of dengue hemorrhagic fever, 
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characteristics such as anthropophily, but they 
exhibit variation in morphology and physiolo- 
gy. mating behavior, oviposition preferences, 
dispersal, and biting cycle (/). Both mosquito 
species have thrce pairs of chromosomes, but 
Ae. aegypti lacks heteromorphi 
‘somes (/.3). To provide genomics platforms for 


‘sex chromo- 


search into Ae. aegypti and to hamess the 
power of comparative genome analyses, we 
‘undertook a project to sequence the genome of 
this mosquito species. 

Assembly of a draft genome sequence of 
‘Aedes aegypti. Whole-zenome shotgun sequenc- 
ing was performed on DNA. purified. from 
newly hatched larvae of an inbred substan 
(VP?) of the Liverpool strain of Ae. aegypti, 
hich is tolerant to inbreeding while mais 
ing relevant phenotypes (/4). About 98% of the 
sequence, assembled using Arachne (15), is 
contained within 1257 scaffolds with an NSO 
scaffold size of ~1.5 Mbp (ic, half ofthe assem- 
bily resides in seaffolds this size or longer), As- 
sembly statistics for the 1376Mbp genome are 
tiven in table SI. Data related to the genome 
project have been deposited in GenBank (prajext 
accession number AAGE00000000) 

The genome size of Ae. aegyptt as deter 
mined by sequence analysis is larger than the 
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‘original estimate, ~813 Mbp, which was based 
fon Cot (DNA. reassociation kinetics) analysis 
ccaried out in 1991 (76). An overinilated genome 
size could arise fiom assembled sequence data as 
a result of allelic sequence polymorphism present 
ina heterogencous population of mosquitoes 
being sequenced. Although the estimate of 1376 
Mbp may contain some such regions, we donot 
believe that our estimate is out of range by a 
lange mangin for the following reasons: (3) The 
strain that was used for the sequencing project 
\was highly inbred (/4; (i) assembled sequences 
that are potentially “undercollapsed” are <S% 
‘of the estimated genome size (fig. SI): and (ii) 
How cytometry data from six isolates of de 
‘aegopr, including the parent of LVP™?, indi 
cate estimated genome sizes of 1213 t0 1369 
Mbp (table $2), 

Genetic and physical mapping data allowed 
assignment, but without order o¢ orientation, of 
63, 48, 39, 43, and 43 scaflolds to Ae dept 
chromosome 1 and chromosome arms 2p, 24, 
3p, andl 3q, respectively (I). These scaffokls 
{otal ~430 Mbp in length and represent ~31% of 
the genome (table 83). Thus, the development 
of high-resolution physical mapping techniques 
and the generation of additional random oF tar 
_gsted sequence data are priorities for improving 
the quality of the curent fragmented genome 
assembly and size estimate, Such progress woukd 
‘enable unambiguous differentiation between re 
sions of segmental duplications and residual 
haplotype polymorphism. 

The genome of Aedes aegypti is riddled 
with transposable elements, Transprosable cle- 
iments (TEs) contribute substantially to the te 
tor of ~5 size difference between the Ae egypt 
and An. gambiae genomes. About 47% of the 

Ae. aegapit genome consists of TEs (Fig. 1 and 
table S4; see table S4 legend for definitions of 
‘TE family, element, and copy), dledes aegypti 
harbors all known types of TEs that have been 


reported in An. gambiae with the exception of 


two DNA transposons, merlin (17) and gambol 


10.5% 


15% 


(U8). Simple and tandem repeats occupy ~6% 
of the genome, and an additional ~15%» con- 
sists of repetitive sequences that remain to be 
chsified 

‘Most eukaryotic TE families characterized to 
date (/9) are present in Ae. aegypti and more 
‘than 1000 TEs have been annotated, representing 
a diverse collection of TEs in a single genome 
(table $4), Although the majority of protein- 
coding TEs appear to be degenerate, more than 
200 clements have at least one copy with an 
intact open reading frame (ORF) and other fea- 
tures suggesting recent transposition. About 3% 
ff the genome is composed of ~13,000 copies 
fof the element Juan-A in the Jockey family of 
non-long terminal repeat (LTR) retrotranspeos- 
fons. A IRNA-relited short interspersed nuclear 
clement, Feilai-B, has the highest copy number, 
\with ~$0,000 copies per haploid genome. Only 
‘one highly degenerate mariner element is found 
in Ae. aegypti, whereas at least 20 mariner che- 
iments, many with intact ORFs, were found in 
An. gambiae. TEs present in Ae. aegypti but 
missing from An gambiae include the LOA 
family of non-LTR retrotranspasons, the Osvaldo 
clement of the Ti:S/gypsy LTR retrotransposons 
(20), and a unique family, Penelope (21). Com 
parison of Ae. aegypti and An, gambiae TE se- 
{quences is consistent with the mlexpretation of 
an overall lack of apparent horizontal transfer 
‘events, as a single candidate for such events 
was identified (/4); one full-length copy of 
the /TimD37E DNA transposon in Ae. aexypti 
is 93% identical at the nucleotide Jevel to a 
similarly classified TE in An. gambiae. 

Miniature inverted repeat transposable eke- 
ments (MITES) and MITE-ike ements of nom 
protein-coding TEs in Ae- aegypti have terminal 
inverted repeat sequences and tanget-site dupli- 
cations, features characteristic of transposition of 
DNA transposons, Such TEs can be mobilized 
10 transpose in trans, by transposases encoded 
bby DNA transposons (22). The latter TEs oc- 
ccupy only 3% of the Ae. aegypt’ genome and 
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Fig. 1. Relative genomic content of annotated TEs and other sequences in Aedes aegypti. TEs have 
been deposited in TEfam, a relational database for submission, retrieval, and analysis of TEs (http:// 
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they are less numerous than non- protein-coding 
DNA elements, which occupy 16% of the 
genome (table $4). Thus, DNA transposons 
may have contributed to the expansion in size 
and organization of the Ae. aegypil genome 
through cross-mobilization of MITES and 
MITE-tike TEs. 

Annotation of the draft genome sequence. 
The fragmented nature of the assembled ge- 
home sequence, an asymmetric distribution of | 
intron lengths within genes (figs. S2 and S3), 
and the frequent occurrence of TE-associated 
ORFs close to genes and within introns compli 
cated the process of automated gene modeling 
and ofien led 10 pradiction of split or chimeric 
zene models. Thus, we developed a multistage 
genome masking strategy to minimize the nega- 
tive effects of TEs and other repetitive elements 
before gene finding (resulting in masking ~70"% 
cof the genome sequence). We also optimized 
sgenesfinding programs via iterative: manual ine 
spection of predicted gene models relative 0 a 
training set (14). 

Two independent automated pipelines. for 
sarvctural annotation resulted in the prediction of 
17,776 and 27.284 gene maxes, resprctively 
(Us), We made extensive use ofa large collection 
(of 265,000 Ae. aegypti expressed sequence tags 
(ESTs) and dipteran protein and cDNA se- 
quences in producing and then merging the 
two data sets into a single high-confide 
gene set, which consists of 15.419 gene mod- 
els (AnegL 1.1). Altemative splice forms derived 
fiom these genes are predicted to generate at 
least 16,789 transcripts, Table I lists some of the 
genome and protein-coding characteristics. of 
le, aegypti and those of D. melanogaster and 
dn. gambiae. 

Gene descriptions. and molecular function 
Gene Ontology (GO) codes were assigned com 
putationally 1 predicted protein sequences. by 
means of BLASTP comparison searches. with 
protein databases (/4), The functional annota- 
tion pipeline included analyses of protcin do- 
mains as well as sceretion signal sequence and 
transmembrane motifs A total of $332 proteins 
‘were assigned a description, 9335 proteins were 
assigned GO terms, 2796 were assigned as 
“hypothetical proteins,” and $027 were denoted 
conserved hypothetical proteins” 

Genes encexling proteins <S0 amino acid 
residues in length were not included in this an- 
notation release unless they encoded known 
small proteins. However, these and other genes 
are captured in a set of 15,396 lawer-confidence 
gene models that is available for analysis as 
supplementary release (14). On 
transcriptional mapping data and limited manual 
examination, we an S10 10% of the 
second-tier modals or modified versions of them 
represent “real” genes. 

TEs contribute to complex protein-coding 
gene structures in Aedes aegypti. striking 
feature of protein-coding genes in Ae. aegypti is 
the factor of 4 10 6 increase in the average 
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length ofa gene relative to sn. gambiae and D. 
melanogaster, which is due 1 longer intron 
lengths rather than longer exons or an increased 
number of introns (Table 1). The inereased length 
Of introns is primarily due to infiltration by TES: 
‘4 plot of intron size before and afler masking 
repeat sequences reveals a shift to shorter intron 
Jengths (fig. S2). A more global perspective of 
the genome expansion was revealed by the dif 
ference in genomic span (factor of ~4.6) of con 
served gene amingements between Ae. aegypti 
and An, gambiae that occupy ~33% of each ge- 
nome (table $$ and fig. $3), providing evidence 
that TE-mediated expansion in both yenic and 

iergenic regions has contribute to the incressext 
size of the de. aeyptl genome. Long introns, in 
particular those in 5° and 3° untranslated regions, 
ely 10 complicate in silico studies to define 
transcription an translational regult- 
ents, a they may be distant from eoxting 


Transcriptional analyses. Data derived from 
three different transeript-profiling platforms 
ESTs, massively parallel signature sequencing 
(MPSS), and 60-nucleotide oligomer based 
microarrays were used to experimentally con- 
firm prodicted protein-coding gene models and 
to gain insight into differential transcription pro- 
files (4), In total, the plafonms identified tran- 
scripts fiom 12.350 (8%) of 1519 genes 
Mapping of 268,000 ESTs and cDNA se- 
‘quences and MPSS signature sequence tags 10 
the geniome sequence as well as gene models 
provided evidence for transcription of 9270 and 
3984 wories, respectively, whereas microarray 
data identified transcripts from 9143 genes 
(table $6). The smaller number of genes 
identified by MPSS (table $7) may in part be 
explained by the observation that only about 
twothirds of the genes can be assayed by 
MPSS, as this approach require the presence 
‘of a Dpn If restriction enzyme site within the 
transcribed region. The platforms identified a 
common set of 2558 genes and cach platform 
identified a unique set of genes (fig. SS), which 
highlights the importance of using a muhi- 


platform approach. The data provide empirical 
support for ~76% of genes annotated as 
hypothetical (table $8), underscoring the validity 
(oF ab initio gene-finding programs in identifying 
novel genes. 

Differences in transcript abundance between 
pools of RNA from nonadult developmental 
stages and from 4-day-old, non-blood-fed adult 
females were revealed by the microarray analy- 
ses, which identified 398 and 208 preadul stage 
and adult female enriched transcripts, respec- 
tively (table $9). Functional categorization of 
these transcripts diflered mainly with regard to 
cytoskeletal, sinictural, and chemesensory func- 
tions (Fig. 2). Differential transcription of genes 
thought 10 be involved in chemosensory pro- 
cesses between these stages was conspicuous, 
With 17 transcripts highly enriched in mosquito 
developmental stages and only 3 enriched in 
adult females A larger number of immune- 
system gene transcripts were also enriched in 
preadult stages GS preadult versus 19 adul), 
Which may reflect a broader microbial exposure 
fof larvae and pupse in their aqueous env iron- 
ments. In addition, highly expressed genes 
encoding cuticle proteins in preadult stages (38 
preadult versus 1 adult) ane indicative of their 
function in cuticke metabolism and in a varicty 
Cf other processes, including immunity, that are 
particularly dominant during development. The 
non blood-fed status of the female mosquitoes 
did not enable discrimination of genes that carry 
‘out femak-specific funetions that mostly relate 
to blood processing and ezz production. 

‘Aedes aegypti gene families and domain 
composition. Consistent with evolutionary dlis- 


tance estimates (/2), there is a higher degree of 


similarity between the le. aegypti and An. 
gambiae protcomes than between the mosquito 
and D. melanogaster protcomes. Onbologous 
proteins were computed among the three ge- 
nome, with 67% of the dle. aegypti proteins hav- 
ing an ortholog in An. gambiae and S¥% having 
an ortholog in D. melanogaster (Fig. 3A). Anal- 
ysis of three-way. single-copy othologs revealed 
average amino acid identity of 74% between 


Table 1. Comparative statistics of Ae. aegypti nuclear genome coding characteristics. 


Species 
Feature 

‘Ae. aegypti An. gambiaet _D. melanogastert 
Size (Mbp) 1376 m9 18 
Number of chromosomes 3 3 4 
Total G+C composition (%) 382 409 425 
Number of protein-coding genes 15,419 Bextes 3.718 
‘Average gene length’ (bp) 14,587 5.24 3.460 
‘Average protein-coding gene lenatht (bp) 1.397 1154 1.693 
Percent genes with introns 90.1 36 862 
‘Average number of exons/gene 40 39 49 
‘Average intron length (bp) 4.685 808 1175 
Longest intron (bp) 329,294 87,786 132,737 
Average length of intergenic region (bp) 56.417 17,265 6,083 
“Includes introns but not wntanslated regions. foes wot include Wrens. $Statsics were dvived from gerame 


updates for An gambiae R-AgamP3 and D. melanogaster R42. 
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the mosquito proteins, in contrast with ~S8% 
identity between mosquito and fruit fly proteins 
(ig. S7). About 2000 orthologs are shared only 
between the mosquitoes and may represent 
functions central to mosquito biology. Although 
‘most of these proteins are of unknown fumetion, 
250 can be assigned a predicted function, of | 
which 28% are involved in gustatory or olfac- 
tory systems, 12% are members of the cuticular 
gene family, and 8% are members of the cyto- 
chnome P450 family (14. 

Mapping of protein domains with Interpro 
(23) revealed an expansion of zine fingers, in- 
sect cuticle, chitin-binding peritrophin-A, eyto~ 
chrome P450, odorant binding protein (OBP) 
MOOS-D, and insect allergen-related domains, 
among others, in Ae, aegypti wlative 1 An 
gambiae, D. melanogaster, and the honey bee 
Apis mellifera (ible $10), Some of these con- 
stitute lange Ae. aegypti gene families, as re- 
vealed by two independent clustering, methods 
(14) (able S11), Genes containing zine finger 
Tike domains could be of transposon or retroviral 
‘origin, and these remain to be assessed. 

Spcies-specific differences in the number of 
members within a multigene family often pro- 
‘vide clues about biological adaptation to environ= 
‘mental challenges, In this context, cuticle proteins 
have been described to play diverse roles in 
exoskekton formation and wound healing and 
are expressed in hemocytes, a major cell type 
‘mediates innate immunity (24), Cuticular proteins 
also are implicated. in arbovirus transmission 
25). Expansion of olfactory receptors and OBPs 
in de. aegypti may contribute to an claborate 
olfactory system, which in tum may be linked t0 
the expansion in detoxification capacity, The lat- 
ter and insoctallergen- related genes, suggested to 
have a digestive fimetion, may contribute to the 
relative robustness of de, wept and also could 
‘manifest in a higher insecticide resistance, In this 
coniext, the genome and EST data have fed 10 
the development of a specific microarray. to 
identify candidate ones among members of 
‘multigene families (cytochrome P4S0, glutathi- 
fone Stransferase, and carboxylestenase) asso 
ciated with metabolic resistance 10 insecticides 
(26), This platform will provide means to rap= 
idly survey mechanisms of insecticide resistance 
in mosquito populations and represents an impor= 
tant too! in managing insecticide deployment and 
development programs. 

G protein-coupled recepiors (GPCRS) that 
are expected to function in signal transduction 
cascades in le, aegypti have been manually 
identified (14), This superfamily of proteins in- 
cludes 111 nonsensory class A, B, and C GPCRS, 
14 atypical class D GPCRs, and 10 opsin photo- 
receptors (tables S12 and S13). Aedes aegypti 
possesses orthologs for >85% of the An. gambiae 
and D. melanogaster nonsensory GPCRs, which 
suggests conservation of GPCR-mediated newto- 
logical processes across the Diptera. Many Ae 
aegypti GPCRs haye sequence similarity to 
known drug targets (27) and may reveal new 
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‘opportunities for the development of novel 
insecticides. 

Metabolic potential and membrane trans- 
porters. Aedes aegypti and An. gambiae are 
predicted to contain similar metabolic profiles as 
judged by assigning an Enzyme Commission 
(EC) number to both mosquito profeomes (take 
S14), Given the early stages of annotation, itis 
Premature to draw conclusions fom missing en- 
zymes in predicted Ae. aegypti metabolic path- 
\ways, For example, assignment of EC numbers to 
the supplemental Ae. aegypt gone set (table 
resulted in the identification of an additonal 12 
* numbers (table $15) not present in AaegL 1 
An automated pipeline (28) was used to 
predict potential membrane transporters for Ae 


aegypti and An. gambiae, and their transport 
capacity resembles that of D. melanogaster 
(table S16). Similar to other multicellular eu- 
karyotes, ~32% of all three insect transporters 
code for ion channels and probably function to 
maintain hemolymph homeostasis under diff 
cent environmental conditions by modulating the 
concentrations of Na“, K°, and CT ions, Aedes 
‘aegypti encodes $2 more paralogs of voltage- 
gated potassium jon channels, epithelial sodium 
channels, and ligand-gated ion channels than 
An, gambiae and 6S more such paralogs than D. 
‘melanogaster, These channels play important 
roles in the signal transduction pathway and cell 
communication in the central nervous system 
and at neuromuscular junctions. A collect 
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Fig. 2. Transcriptome analyses of Aedes aegypti. (A) Functional class distributions of genes that are 


‘enriched in preadult stages (DEV) and the adult 


female stage (ADULT) (table 59). (B) Proportions of 


functional gene classes, expressed as percentage of the total number of genes that are enriched in 
preadult stages (DEV), adult female stage (ADULT), and constitutively expressed genes (CONST.). (C 


‘and D) same as (A) and (B) for genes enriched 
for both sexes (table $18). Functional classes: I 


in the male, in the female, and common (CONST.) 
IMM, immunity; RED/STE, redox and oxidoreductive 


stress; CSR, chemosensory reception; DIG, blood and sugar food digestive; PROT, proteolysis; CYT/ 
STR, cytoskeletal and structural; TRP, transport; RITT, replication, transcription, and translation; 


MET, metabolism; DIV, diverse functions; UNK, 
each category is indicated in parentheses. 


www.sciencemag.org 


‘unknown functions. The total number of genes in 
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64 putative adenosine triphosphate-binding 
caissite transporters was identified, including 
saibgroups that encode muttdrug efflux proteins 
Aedes aegypti encodes 16 more members of 
four different types of amino acid transporters 
than An, gambiae and 13 more members than 
D. melanogaster. Mosquito larvae cannot syn- 
thesize de novo all the basic, neutral, or aromat- 
ic L-amino acids (3) and must rely on uptake of | 
these essential amino acids, The richer repenoire 
‘of membrane transport systems in Ae. aegypti is 
Tikely to intersect with the apparent inerease in 
‘xiorant reception and detoxification capacity. 

Autosomal sex determination and sex: 
specific gene expression. Heteromnomphic sex 
chromosomes are absent in Ae, aes and other 
culicine mosquitoes (/3). Instead, sex is. cone 
twolled by an autosomal locus wherein the make= 
dtermining allele, M, is dominant, The primary 
switch mechanism at the top of the mosquito 
sex determination cascade is different from that 
of D. melanogaster, where the X-chromosome! 
autosome ratio controls sex diferentiation, How= 
«ver, we expect conservation of function in mos 
Quito onhologs of Drosophila genes that are 
furher downstream of the cascade (29), We 
\erifiod the presence of a number of these in 
aesgypti, including orthologs for doublesex, 
iransformer-2, fruitless, dissatisfaction, anxd in- 
tersex (table $17) 

To define gene expression differences. be 
lyzed microarray tran- 
scription profiles of 4-day-old, non-bloo-fed 
adult female and male mosquitoes (Fig. 2); 669 
and 635 transcripts were enriched in females 
and males, respectively, and 6713. transcripts 
‘were expressed at similar levels in both sexes 
(able S18). An additional 373 and $34 tran- 
scripts generated exclusive hybridization signals 
(vith signal intensity below the eutofY threshold! 
Jevel in one channel) in females and males, re- 
spectively, and may therefore represent sex- 
specific transcripts. Functional categorization of 
female and male enriched transcripts. yielded 
similar results, with some exceptions; male mos- 
uitoes expressed a langer number of immune 
sysiem-related transcripts (40 in males. versus 
25 in females) and redox- or stress-related tran- 
scripts (45 in males versus 33 in females). By 
comparing the Ae. aegypti profiles with pre- 
viously described An, gambiae ecitic 
microarray analyses (30), we identified 144 
etbologous genes displaying the same sex- 
specific transcription pattem in An gambiae 
(able S19), whereas 74 orthologs showed an 
opposite profile (table $20), suggesting dilfer- 
ences in certain sex-specific fictions between 
the two mosquito species. 

Conserved synteny with Anopheles gambiae 
and Drosophila melanogaster, The assignment 
of 238 Ae. aegypti scaffolds containing ~5000 
xenes—about one-third of the predicted zene 
to a chromosomal location on the basis of 
genetic and physical mapping data (/4) allowed us 
to compare ortholog position and w identify 


tween the sexes, We 


st 
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Fig. 3. Orthology and 
chromosomal synteny 
among Ae. aegypti, An. 
‘gambiae, and D. mela 
rnogaster. (A) Each cir 
cle represents a_gene 
set for Ae. aegypti Ae), 
‘An. gambiae (An), and 
. melanogaster Om). 
Because a gene can be 
involved in several ho- 
mologies, gene sets do 
rot always have the 
‘same number of genes 
within intersections (e, 
in the Ae-Om compar- 
ison, 943 Ae genes 


are similar to Om and 925 Om genes are similar to Ae). (B) Aedes 
‘aegypti chromosomes are represented in gray (not to scale). Chromosome 
arms are designated as “p” and "q"; chromosome 1 has no arm dis- 
tinctions. Colored chromosomes represent the syntenic chromosome 
from An. gambiae or D. melanogaster (not to scale). Solid and dashed 


‘conserved evolutionary associations betwee de 
aegypti and An gambiae oF D. melanogaster 
chromosomes (tables $3 and $21). Most ofthe le 
deg chromosome ams, with the exception of 
2p and 3q, exhibited a distinet one-to-one 
correlation with An, gambiaeand D. melanogaster 
chromosome armns with respect to the proportion 
‘oF orthologous genes conserved between chromo 
some arm pairs (Fig. 3B), These findings contin 
andl extend previous results that compared asia 
number (~75) of de. aegypn genes with onhologs 
inn, gambiae and D. melanogaster (30). 

Maps of conserved local gene arrangements 
(inicrosynteny) were computed by identifying 
blocks of at least two neighboring single-copy 
“orthologs in each pair of genomes and allowing 
hot more than two intervening genes (14). In 
¢ with the species divengence times, twice as 
many orthologs are similarly arranged between 
these mosquito species than between either of 
them and the fruit My (table $22) (32), 1348 
mictosyntenie blocks were identified between 
Ae. aegypti and An, gambiae, containing $263 
‘out of a total of 6790 single-copy orthologs 
(tables $$ and S22). When D. melanogaster is 
used as an outgroup to count synteny breaks that 
have occurred in each mosquiter lineage since 
their radiation, the data indicate a rate of ge 
nome shutlling in the de. aegypu fineage greater 
by a fietor of ~2.5 than that in the An. gambiae 
Hineage (4). However, this estimate may be 
nflated because of the fragmented nature of the 
‘current de. degypni genome assembly. Thus. the 
highly repetitive nature of the Ae. aegypti wenome 
appears 10 have facilitated local gene rear- 
rangements, but it does not appear to have had 
4 gross influence on chromosomal synteny. 

Concluding remarks. The draft genome se- 
quence of Ae. aegypti will stimulate efforts to 
clucidate interactions at the molecular level be- 
tween mosquitoes and the pathogens they trans- 
mit. This already can be seen in, for example, 
analysis of components of the Toll immune sig- 
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parentheses. 


naling pathway (33) and identification of genes 
encoding insulin-like homione peptides (34), 

Weexpect thatthe sequence data will facilitate 
the identification of Ae. aegypl genes encoding 
recently described midgut receptors for dengue 
vinus (35). Dengue vector competence is a 
‘quantitative trait, and multiple loi determine virus 
Imidgut infection and escape barriers (36), Un- 
fortunately, the fragmented nature of the genome 
sequence and its low gene density have preclded 
its use in the identification of a comprehensive list 
‘of candidate genes for vector competence pheno 
types or sex determination. The sequence may be 
sed 10 improve the resolution of the cument 
genctic map (37) and to integrate transcriptional 
profiling data with genetic studies (38), but fi 
‘zaps in the assembled sequence remains a high 
Priority, especially when exploring genetic 
Variations between the sequenced strain and Fick! 
populations of te. aes 

‘The ongoing genome project on Culex pipiens 
‘quinquefasciamus, a vector for Iymphatic filariasis 
and West Nile vis, will provide additional 
resources to underpin studies 10 systematically 
study common and mosquito species. specit 
‘gene function. Such analyses should improve 
‘our understanding of mosquito biology and the 
complex role of mosquitoes in the transmission 
fof pathogens, and may result in the develop- 
ment of new approaches for vector-targeted con 
trol of disease. 
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Do Vibrational Excitations of CHD; 
Preferentially Promote Reactivity 
Toward the Chlorine Atom? 


Shannon Yan,? Yen-Tien Wu,* Bailin Zhang,™* 


n-Fang Yue, Kopin Liu™*¢ 


The influence of vibrational excitation on chemical reaction dynamics és well understood in triatomic 
reactions, but the multiple modes in larger systems complicate efforts toward the validation of a 
predictive framework. Although recent experiments support selective vibrational enhancements of 
reactivities, such studies generally do not properly account for the differing amounts of total energy 
‘deposited by the excitation of different modes. By precise tuning of translational energies, we measured 


the relative e 


iencies of vibration and translation in promoting the gas-phase reaction of CHD, with 


the Cl atom to form HCl and CDs. Unexpectedly, we observed that C-H stretch excitation is no more 
effective than an equivalent amount of translational energy in raising the overall reaction efficiency; 
CD, bend excitation is only slightly more etfective. However, vibrational excitation does have a strong 
impact on product state and angular distributions, with C-H stretch-excted reactants leading to 
predominantly forward-scattered, vibrationally excited HCI. 


retical molecular collision studies culmi- 
nated in the formulation of Pokanyi's rules 
‘of reaction dynamics (2). For wactions of an 
atom with a diatomic molecule, the rules predict 
the efficiency of reactant vibrational and 
translational energy in driving reactions. over 
barriers; namely, vibration ean be more effective 
than translation Fora barrier located late along the 
reaction coonfinate, and the reverse fs true for 
reactions with early barriers. An extension of the 
rules to actions of polyatomic species becomes 
ambiguous asa result of the higher degrees of 
freedom associated with multiple types. of 
Vibrational motion. Thus, one may ask: Ane 
different vibrational modes equivalent in their 
capacity to promote a polyatomic reaction’? 
In recent years, the issue of mode 
bond-selective chemistry (2-5) has been the sub- 


Ss: cel decades of experimental and theo- 
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ject of several pioneering investigations, for 
Which the reaction of the C1 atom with methane 
is becoming the benchmark (6-19). For example, 
Simpson era. found that one-quantum excitation 

the antisymmetiic stretch (95) mode of Clg 
increases the reaction rate by a factor of ~30 (10). 
On the other hand, Zhou er al. observed a mere 
Ucefold reactivity enhancement for one-quantum 
«excitation of bending (v4) oF torsional (3) modes 
Of CHg and CDg (18), in contrast to 200-fold and 
$0-fold enhancements measured earlier (12, 13), 
Further experiments (17) and a. quasiclassical 


trajectory calculation (20) supported the results of 


Zhou et al. Moreover, Yoon et al, found that 
tation of the vy * va symmetric stretch-bend 
combination mode of CH, enhances reactivity 
toward the Clatom roughly twice as much as does 
the nearly isoenengetic excitation of the antisym- 
metric combination vs © vg, which itself promotes: 
2 10-fokd rate enhancement over ground-state 
methane (6). In a. similar study, Yoon et al. ob- 
served a sevenfold reactivity increase of CH;D 
when the symmetric, rather than antisymmetric, 
CH stretching mode was initially excited (8). All 
these experiments, however, were performed at a 
fixed translational or collision energy (E,): thus, 
the enhanced reactivity refers to a comparison 
With the ground-state reaction atthe same EAs 
elegant as these experiments are, it remains 
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‘uncertain whether vibrational motion is: more ef 
fective in driving this reaction than translation. 
‘We report here a series of experiments aimed 
40 resolve this uncertainty for the CL + CHDs — 
HCL st studied the ground= 
sale reaction over a wide enemy range from the 


Experiments were then performed, 


tion with C-H1 stretch-excited CHDs, again over 
arange of initial £, To refine the comparison, we 
also present the results for the bend- and/or 


torsion-excited reactants, We performed all m 
nents under single-collision conditions, 
ing the rotatable, crossed moleculat-beam 
apparatus described previously (2/, 22), The Cl 
beam was generated by a pubed high-voltage 
discharge of ~4% Ch, seeded in a. pulsed 
supersonic expansion of cither Ne or He at 6 
atm, The CHD, beam was also produced by 
pulsed supersonic expansion of either pure CHD, 
‘6r-20M% CHD seeded in Hl (for acceleration) at 
S aim, Both beams were collimated by double 
skimmers and crossed in a differentia-pumped 
scattering chamber. & was tuned by varying the 
intersection angle of the two molecular beams, A 
pulsed ultraviolet laser that was operated near 
333 nm probed the ground-state CDs product via 


2 + 1) resonance-enhanced multiphoton ioniza- 
tion, and a time-sliced velocity imaging, tech- 
nique mapped the recoil vector of the CDs" ion 


QD. For studies with C-H steteh-excited 
reactants, an infrared (IR) laser was used to 
CHD, directly in front of the first skimmer 
(19), For reactions with bend 
heated pulsed valve for thermal excitation 
used instead (18), 

Figure | shows two typical raw 
and without the IR-pumping laser, of the probed 
Dy = 0) products at E = 8.9 keal’mol 
‘Superimposed on the images are the scattering 
directions: the O° angle refers tothe initial CHD 
beam direction in the center-of-mass. frame. 
Thanks to the time-sliced velocity imaging 
approach, even the raw data can be easily inter- 
preted by inspection. Whereas the IR-off image is 
dominated by a side-scattered structure, the IR- 
fon image exhibits two distinct ringlike features 
reflecting the impact of C-H stretch excitation on 
the reaction dynamics (23). sharp forward peak 
‘now appears in the inner ring, and additional 
bbroad-scattered products form the outer ring. The 


SCIENCE VOL316 22 JUNE 2007 


1723 


| REPORTS 


1724 


‘energetics of the reaction are well defined: The 
reaction endothermicity is 1.73 kealimol, and E 
is 89 keal/mol. The initial ro-vibration excita- 
tion of CHD3(v4 = 1, / = 2) adds another 8.63 
kcal/mol to the total energy for the IR-on image. 
By conservation of energy and momentum, these 
Finglike features can readily be assigned as 
indicated. The angular distributions of product 
pairs (0, Oo), and (0, 09), (the notation of 
which is described in the legend of Fig. 1) 
from the ground-state and stretch-exeited re 
actions can be obtained direc 


Fig. 1. (Top) Three-dimensional_rep- 
resentation of the raw images, with 
(Fight panel) and without (left panel) 1R- 
excitation, of the probed CDxlv = 0) 
products from the Cl + CHDs reaction at 
E_ = 8.9 kcal/mol. Based on energy con- 
servation, the ringlike features in each 
image are assigned to the labeled product 
pairs. For clarity, the labelings (1, Ogle 
and (0, Og), are omitted for the Ron 7 
image. The numbers in the parentheses 
denote (from left to right) the quanta of 
vibrational excitation in HCL and. the 
modes in CDy products, respectively [the 
inner subscript specifies the quantum of 
COs mode and the outer subscript indi- 
‘ates the reactant state ("9" for ground- 
state CHDs, °s” for stretch-escited CHDs, 
and "b” for bend-excited CHD]. (Bottom) 
The left panel shows the product angular 
distributions of the inner rings for the 
eon and IR-off images, and the right 


panel shows the deduced pair-correlated distributions from the stretch-excited reaction. da/dicos0) 


(1, Oder 


and IR-on images, respectively. However, the 
near degeneracy (only 0.39 keal/mol of encrey 
difference) of the two paired channels, CT + 
CHD3tv = 0) + HCl? = 0) = CDs(v = O) and 
Cl * CHD 309 = 1) = HCI? = I) © CD0= 0, 
complicates the data analysis of the IR-on inner 
ring. Using the threshold method (/9), we found 
that ~20% of CHD, reactants were stretch- 
excited. By scaling down the IR-off distribution 
bby 0.2 and subtracting it from the IR-on data 
‘et, the genuine distribution for (1, Qy), was then 
recovered ffom the overlapped inner ring. The 


IR-off IR-on 

(1, 09)s 
0. 
OO ,0,)5 (1. Os 


(0, 0) 


the cifferential cross section at the productscattering angle Gm in the center-of-mass frame. 


Fig. 2. Normalized reac- 
tive excitation functions for 
(A) CoH stretch-excited 
reactant and (B) CD bend 
torsion-excited CHDs as 
‘compared to the ground- 
state reaction, The dotted 
lines are visual guides. Note 
the characteristic step fea~ 
ture fora reactive resonance 
in the stretch-excited reac- 
tion near the energetic 
threshold. For the bend- 
‘excited reactant, the thermal 
populations (~4%) of the 
three low-frequency modes 
(Ws, vs, and vg) are assumed 
(18); thus, the results repre- 
sent the average cross sec- 
tions of the three modes. 
‘The horizontal tines indicate 
the equivalent amounts of 
‘extra translational energy 
necessary to achieve reactiv- 


ity observed upon vibrational excitation, Presented in (C) and (D) are the (conventional) vibrational 
‘enhancement factors forthe stretch- and bend-excited reactant, respectively, where coy. and ag are the 
integral cross sections for stretch-excited, bend-excited, and ground-state reactions. The preferential 
promotions in reactivity, based on an equivalent amount of total eneray, are shown in (E) and (F), where the 
vibrational energies E, are 8.63 and 3.05 kcalimol, respectively. 
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resultant pair-correlated angular distributions are 
presented in the lower right panel of Fig. 1, 
showing totally different appearances for the 
two pairs, which qualitatively corroborate the 
HCI state-resolved (not pait-corelated) results 
at 4.1 keal mol reported by Simpson et al. (11), 
Integrating cach distribution over all angles, 
‘weighted by the sind term for the solid-angle 
factor (21) (where @ is the produ i 
angle), and accounting for about on 
CHD; reactants being pumped, we recover the 
respective normalized pair-correlated integral 
cross section (19), 

Repeating the measurements under different 
collision energies, normalized as stated previous- 
ly (3, 19) we obtain the reactive excitation 
function o(E.), which is the dependence of the 
integral cross section on Eo, for the ground-state 
and vibrationally excited reactants (Pig, 2, A and 
B), Although boil reactant vibrations promote 
reactivity, the degrees of enhancement exhil 
different enengy dependences, which are acee 
‘uated when plotted as ratios to the ground-state 
reaction (Fig. 2, C and D). Whereas the bend- 
excited reaction displays a nearly constant 
enhancement factor of ~2.5 in the postthreshokd 
region followed by a gradual decline starting 
fiom Ee ~ 15 keal/mol, the streteh-excited reac- 
tion efficiency drops sharply near threshold and 
levels off around 2 at higher E. Compared with 
previous studies, the bend result reasonably 
corroborates. an enengy-independent enhance- 
‘ment found for bend-excited CHy over an Ey 
range of 2.7 to $.9 keal/mol (/7), and the stretch 
result isnot entirely inconsistent with the 
apparently larger factors reported at single Ey 
far the ether isotopologues (24). 

The above-described vibrational enhanee- 
ment factors are based on comparisons at the 
same Ee, as in all earlier studies: thus, the total 
available energies forthe ground-state and vibra 
tionally excited reactions are not the same. Are 
these factors then intrinsically mode-specific, or 
do they arise purely from the consideration of 
total deposited energy? A closer inspection, high- 
lighted by the horizontal lines in Fig. 2, Aand B, 
quantifies the additional translational energy 
nooded for the ground-state reaction to proceed 
as efficiently as the vibrationally excited cases. 
This translational contribution inereases from 
threshold to higher & values, suggesting an alter- 
native and more informative view of the moxe- 
specific enhancement factor. Onan equivalent 
energy base, the modke-specitic reactivity 
rwfers to the differential reactivity enhancement 
or inhibition of the excited species relative to 
ground-state species that are translationally 
accelerated to afford an equivalent amount of 
total enengy. Depicted in F ind F, are the 
reactivity ratios based on such a framework 
Contrary to the uncalibrated ratios in Fig, 2, C 
and D. a very different picture emerges. AL low 
E,, depositing an equivalent amount of adltional 
energy into translation tums out to be more 
eflective in driving the reaction than exciting a 
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stretching vibration. At higher E there is no 
preference for cither degree of freedom in 
dictating efficiency. This finding is unexpected 
in that exciting the bond to be broken in a 
chemical reaction would intuitively seem to be a 
singularly effective means of acceleration (25). 
Moreover, from the perspective of Polanyi’s 
rules, ab initio calculations predicted a more 
product-like structure at the transition state 
(26-28); thus, a propensity for vibration over 
translation would be expected for this tate- 
barrier reaction 

For the bending excitation, though the 
collisions at low Ey are also more sensitive to 
translation, at higher Ea, bending motion preferen- 
tially promotes the reactivity. The bending 
vibration is of lower frequency and involves 
nonlocalized, concerted motions of three oF mone 
‘atoms, The approach of the C1 atom can steer and 
distort the shearing motions of the CDs moiety. 
The results presented in Fig. 2F imply that a 
‘coupling of this mode to the reaction coordinate 
isnot simply a transfer of the bending energy into 
translation; rather, synergistic combination of 
CD, distortion and translation can facilitate the 
CoH cleavage in this direct reaction more 
ceffetively than pure translation atthe same total 

nergy, Clearly, the picture for polyatomic 
reactions is more complicated than the extension 
‘of Polanyi’s rules would have suggested. 

To shed light onto these findings, we examine 
the pair-correlated angular distributions 0) in 
the (0)-0-£, representation (5, 29, 30), Figure 3 
summarizes the results forthe five proxluct pairs 


Fig. 3. Evolution of the state- 
correlated angular distributions 3s, 
a function of collision energies, 
where Eis in kealimol and 0 in 
degrees. Note the difference in 
‘energy ranges and the large dis- 
parities in the vertical scales, which 
have been normalized to one an- 
‘other and to the excitation func 
tions (Fig. 2) The energy evolutions 
‘of the angular distribution display 
distinct patterns: in particular, the 


(0, 05), 


ridge structures of the ground-state 
product pairs and the sharp forward- = 
backward peaking for the HCl =1) & 
pairs, Also shown are the vibrational 3 


branching fractions of the coinc- 
dently formed HCI’ = 1) products 
from the stretched-excited and 
‘ground-state reactions (see the 
bottom right pane. The magnitude 
‘of the former reaction is nearly 20, 
times as large as that of the latter 
reaction, The vertical arrows mark 
the respective energetic thresholds. 
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probed in this study: (0, Oop (1. Oade. (0. Qo}. 
(0, phe: and (1. Ope A casual inspection of the 
‘K@)-0-E. pattems reveals that the ground-state 
product pairs from all three reactions (with 
‘ground-state, bendexcited, and stretch-excited 
reactants, respectively) are similar, showing 
the direct-scattering ridge characteristic of a 
peripheral collision (29). On the other hand, the 
excited product pair from either the stretch- 
excited or the ground-state reactant displays 
distinct patterns with pronounced forwant 
peaking and somewhat less backward peak- 
ing, suggestive of different reaction mecha- 
nisms. Also shown in Fig, 3 (bottom right 
panel) are the vibrational branching fractions 
of the HCl? = 1) products from the stretch- 
excited and ground-state reactions, [Only a 
single product pair (0, Oop was detected from 
the bend-excited reactant.| Both branching 
fractions increase abruptly near the energetic 
threshold and remain roughly constant with 
further increases in £,. Notably the initial stretch 
ing excitation exerts a large effect on vibrational 
‘energy digposa: The branching fraction increases 
20-fold for the reaction with C-H stretch-excited 
CHD. In other words, C-H stretch excitation 
strongly favors a product distribution with vibra- 
tionally excited HCL 

We interpret these results using a model 
‘previously proposed forthe ground-state reaction 
Of CI * Cy (29, 30), Theoretical calculations on 
the isotopically analogous reactions suggest that 
the imteraction with an approaching CI atom 
causes rapid and strong decreases in the CH 


(0, 0p), 
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stretching and the CDs umbrella-bending fre- 
quencies in the transition-state region (8, 26-28). 
Based on those calculations, the model adiabat- 
ically correlates the vibrational energy curves of 
the reactant and product pairs by assuming that 
the vibrational modes preserve their character 
along the reaction path, as depicted in Fig. 4. 
Theory also predicts that these two modes not 
only strongly couple to the reaction coordinate 
through the curvature passage near the transtion- 
state region but also couple to each other 
Coriolis interactions (shaded areas in Fig. 4), 
fostering nonadiabatic transitions. As evideneed 
fiom the exceedingly small branching. fraction 
for (1, Op indicated in Fig. 3, the reaction with 
ground-state CHD is theretire largely vibration 
ally adiabatic, presumably because of the i 
ciency of translation-o-vibration energy transfer 
in the entrance valley. Thus, most of the reactive 
flux proceeds along the ground-state potential 
‘curve, producing the (0, Oy pair (37). 

The reaction with bend-excited CHD; 
produces exclusively the ground-state (0, Qh, 
‘proxluct pair in sharp contrast to theoretical pric~ 
tions of the predominant formation of umbrella 
bendhexcited methy! radicals (26-28), However, 
the observed H0}O-E pattem is very similar to 


15-10-05 0 05 10 
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Fig. 4. Schematic representation of vibration- 
ally adiabatic potential energy curves along the 
reaction coordinate S. The curves are depicted 
in keeping with the theoretically predicted 
vibrational frequencies with approximate iso- 
tope corrections. For clarity, only those relevant 
to this study are shown. Note the shifting and 
lowering of the barriers for the reaction with 
stretch-excited reactants, which might partially 
account for the higher cross sections at low E, 
shown in Fig. 2A. The shaded areas denote the 
strong curvature and Coriolis couplings region, 
where vibrationally nonadiabatic transitions 
‘occur. Also illustrated are reactions at the same 
initial (total) energy from three different 
reactant states and the typical branching ratios 
of the resultant product pairs (from Fig. 3). 
amu, atomic mass unit. 
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that forthe (0, Op pair, in aceord with the theo- 
retical prediction of @ strong curvature coupling 
of this mode to the reaction coordinate (26-28). 
To reconcile these seemingly conflicting predic- 
tions, the experimental results suggest that the 
low-frequency bending vibrations of CHD. de- 
spite its adiabatic coreation tothe (0,2) product 
Pair, do not preserve their characters onto the 
analogous motions of the CDs products. but 
rather behave as transitional modes in this neac~ 
tion by prompiy ficling the vibrational energy 
imo the rotational and translational motions of 
the departing products, 

In the stetch-excited reaction, the eomelated 
angular distributions of the two product pairs 
exhibit very different pattems but bear strong re= 
semblance to the distributions of comesponding 
product pais from the ground-state raction. By 
pattern comparison, we assert thatthe (1. pair 
isproxluced adiabatically withthe salient forward 
peak resulting froma resonance state temporarily 
trapped by the dynamic well of the stretch: 
‘exited (red) curve in Fig, 4 (4, 30, 32) that 
regard, the observation of a step-like feature in 
the reactive excitation function near threshold 
(Fig, 24) is particularly noteworthy, because a 
similar feature has been observed experimentally 
in F + {1D and confirmed theoretically as an 
tununbiguous fingemprint for reactive resonanc 
(32-34); this small step also echoes our recent 
contention fora resonance in the analogous C1 + 
CH reaction (30), 

In contrast, the pattem of the (0, Ob) pair 
suggests the presence of nonadiabatic pathways 
induced by the curvature coupling of stitching 
motions to the reaction coordinate (26-28) 
Hence, a bitieation of reaction paths for steeh- 
excited reactants must oxcur, presumably near 
the entrance valley of the transition state. The 
Vibrational branching fraction for, the nonadia- 
batic pathway is quite substantial, 6,° (6, + 6,!)~ 
0.55 fiom Fig. 3 (where «4? and oy! are the 
integral eross sections for the (0,0), ad (1, 
product pairs from the stetch-excited reaction, 
respectively), indicating a facile process. Theory 
also predicts a strong Coriolis coupling between 
the stretching and bering: modes (20, 27); this 
facile nonadiabatic transition could then be 
mediated and facilitated by the transitional nature 
of the bending motions of the CDy moiety during 
the course of the reaction, 
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The Structure of Ferrihydrite, a 
Nanocrystalline Material 


F. Marc Michel, ?* Lars Ehm,?7 Sytle M. Antao,? Peter L. Lee,” Peter J. Chupas,” Gang Liu,™* 
Daniet R. Strongin,** Martin A. A. Schoonen,™ Brian L. Phillips, *? John B. Parise®?* 


Despite the ubiquity of ferrihydrite in natural sediments and its importance as an industrial sorbent, 
the nanocrystallinity of this iron oxyhydroxide has hampered accurate structure determination by 
traditional methods that rely on long-range order. We uncovered the atomic arrangement by real-space 
‘modeling of the pair distribution function (PDF) derived from direct Fourier transformation of 

the total x-ray scattering. The POF for ferrihydrite synthesized with the use of different routes is 
consistent with a single phase thexagonal space group Péymmc; a = ~5.95 angstroms, ¢ = ~9.06 
angstroms). In its ideal form, this structure contains 20% tetrahedrally and 80% octahedrally 
coordinated iron and has a basic structural motif closely related to the Baker-Figgis d-Keggin cluster. 
Real-space fitting indicates structural relaxation with decreasing particle size and also suggests that 
second-order effects such as internal strain, stacking faults, and particle shape contribute to the PDFS. 


surface environments (/, 2) and is routine 

ly used in industrial applications such as 
direct coal liquefoction and metallurgical pro- 
cessing (3. 4) It occurs in pristine soils and sedi- 
ments as the precursor to hematite and often in 
areas contaminated by acid mine drainage (5). 
Because of its extremely high surface area and 
reactivity, femihydrite plays a substantial role in 


Fz: is ubiquitous in many near 


the sequestration of contaminants from ground- 
water and streams through adsomption and co- 
precipitation. As such, it isalso manufactured for 
use as a scavenger of heavy metals and metal- 
Jods during the treatment of wastewaters and in 
remedial activities Itis also suspected to form the 
inorganic core of ferritin, an iron storage protein 
that plays a key role in controlling the levels of 
iron in plants, animals, and microbes (6). 
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Even with the considerable attention given to 
‘the chemical and physical properties of Fernihy- 
dite in previous research, there is no consensus 
‘on the erystal structure of this mineral. The pri- 
mary impediment to the development ofa defini- 
tive structural determination & the size of individual 
ferrihydrite crystallites, which are typically <10 nm 
(nanocrystalline), With regard to structure, most 
‘ofthe disagreement centers on the possible pres- 
cence of multiple structural phases and the local 
‘environment of iron (7-10) and has implications 
for understanding its reactivity, magnetic proper- 
ties, and overall chemical compesition. No single 
formula is widely accepted for ferrite; this is 
attributed to variable water content and a lack of a 
known erystal structure (//), Ferrihydrite is com 
monly designated as “two-line” oF “six-ine” on 
the basis of the number of poorly detined, broad- 
‘ened maxina observed in x-ray diffraction (XRD) 
patterns, Determining a starting structural mod- 
cl for this phase is particularly challenging be- 
‘cause ferrihydrite has no known well-crystaline 
‘counterpart that can be synthesized in the labo 
ratory or found in nature, We have recently shown 
that the short- and intemnediate-range ordering 
in symthetic nanocrystalline Ferihydrite is con- 
sistent for scattering domain sizes ranging from 
210 6 nm, and therefore the structure of fer- 
Fihydrite appears to be single phase (/2). This 
result contradicts some previous studies (7-0) 
and is fundamentally different from the current 
multiphase structure model that is increasingly 
cited for this phase. 

‘Synthetic ferrihydrite with three distinct aver= 
age coherent scattering domain sizes of approx- 
imately 2 (Fhy¢2), 3 (Fhye3), and 6 nm (Fhyd6) 
\were synthesized and evaluated as pat of this 
study [see supporting online material (SOM) 
text}, We used the PDF method to perform a 
structural analysis, which involved a comparison 
between PDFs generated from the experimental 
scattering data and those calculated from struc- 
tural models [see (/3) for a review) A highly 
constrained “Rictveld-like” refinement canbe 
performed on a properly normalized PDF, Gln), 
in which the unit cell dimensions, atomic positions, 
displacement, occupancies, and other model 
dependent parameters are varied to improve the 
fit between the observed and calculated PDF 
(U4), The starting model best describing the 
distribution of interatomic distances in ferri- 
hydrite is isostructural to the mineral akdalaite 
(Alto) 4(0HD)3) (SOM text) (75) aed was it~ 
fied by using the few positions of the most 
identifiable Bragg features in the XRD pattems. 
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(On the basis of the realspuce fining results, we 
contend that the structure of ferihydrite with 
domain sizes ranging from 2 1 6 nm can be 
adequately described by a single-phase model 
with the hexagonal space group Pésmc and a 
luni cell with average dimensions ofa =~S.95 A 
and ¢ = ~9.06 A (Fig. 1). On the basis of this 
structure in its ideal form, the chemical formula 
for ferrihydrite is Fey, 4 OM. Thermal analy- 
sis strongly suggests the presence and particle- 
size dependence of additional surface-bound 
water (12), Although the structure of ferrihydrite 
can be satisfactorily described by a periodic 
model (Fig. 2), residuals in the fiting results 
suggest that second-order effects such as dis- 
‘onder, surface relaxation, internal strain, defects 
(c.g, stacking faults), particle shape (76), andor 
inmerpamticle correlations may also contribute 10 
the experimental PDFs. Misfits in the region 
between 2.5 and ~6 A (Fig. 2)are reminiscent of 
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those found in a similar study of y-AkOs, in 
‘which differences were attributed to nanometer 
sized domains (~1 nm) reflecting stacking faults 
in the matrix (/7). 

‘The basic structural motif of the model, which 
is closely related to the Baker-Figgis &-Kezgin 
cluster (/8), consists of 13 iron atoms and 40 
oxygens (Fig. 3), The central tetrahedrally coor- 
dinated Fe is connected by j14-0x0 bridges to 12 
Peripheral octahedrally coordinated Fe atoms 
arranged in edge-sharing groups of three. The 
2- to 6-nm ferrihydrite nanoparticles can then be 
described asa three-dimensional packing of these 
clusters with adjacent clusters connected by a 
‘common pair of edge-shared octahedra, forming 
su-0x0 bridges fom the three j-OH groups cis 
to cach of the jug-0xo centers in the bare cluster. 
This arrangement ereates a cubsne-Hike moicty 
comesponding 10 four edge-shared Fe octabedra 
(Fig. 1), Fitting results indicate that some param 


Fig. 1, Polyhedral representation 
of the hexagonal unit cell for fer~ 
rihydrite. The bonded atoms (yel- 
low) define a cubane-ike moiety 
‘that connects the basic structural 
‘motif of the model. 


Fig. 2. The POF, alsoknown 
88 GU), for Fhyd6 (A), Fhyd3 
(B), and Fhyd (© plotted to 
20 A (gray x's, which form a 
gray line when close 
together) with the refined 
of the model overlaid 
(solid black) for each. 
Ditlerence plots are shown 
immediately below. 
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ters such as unit cell dimensions and occu- 
pancies change systematically as the average 
domain size decreases from 6 to 2 nm for Fhyd6 
and Fhyd2, respectively. Additionally, the degree 
of distortion of the Fel polyhedra varies as 
indicated in part by the change in the refined = 
parameter for the O site, but despite these dif 
ferences, the cluster-like structural motif remains 

Such changes could reflect the occurrence of 
stacking defects or intemal strain in the structure 
but ane not filly understood. 

This structure in its ideal form consists of 
20% FeOs and 80% FeOs polyhedra. However, 
the Fe2 and Fe sites show a decrease in oceu- 
paney with decreasing particle size, whereas no 
particle size-dependent changes are observed for 
the fully occupied Fel site. This tend might re= 
feet an overall increase in disonder resulting from 
the change in rato of Fe atoms near the surface 
\erus interior with decreasing particle size (/9). 
These surfuce regions of femihydrite are antic 
pated to be predominantly ctahedrally cooni- 
nated given the overall topology of the structure 
presented and the unlikely existence of coordi- 
natively unsaturated Fe atthe hy drated surices. 
The refined parameters for cach sample are 
available in the SOM text, 

‘The presence of tetrahedrally coordinated 
iron in ferrihydrite has been the subject of con- 
siderable debate. Previous estimates based on a 
variety of techniques have ranged fiom 0-0 
“40%, approximately the same amount found in 
maghemite (y-FejOy), and even up wo 100% 
(20-22), na recent study using electron enersy 
loss spectroscopy (EELS) to evaluate the effects 
‘felt beam damage to Ferihy dite, Pan. 
(23) observed the reduti "to Fe and a 
ignition of Fe from octahedral to tetabedral 
sites with inereasing electron dose. These results 
highlight how investigations camried out under 
the high vacuum of the transmission electron 
microscope may cause substantial, and perhaps 
undetected, changes to occur in a simple. Such 
changes must now be considered when evaluat- 
ing the most current and increasingly cited multi- 
phase model for ferrihydrite that was purportedly 
confined using electron nanoditliaction (7,8). 


Fig. 3. Polyhedral representation 
of the ideal ferrihydrite structure 
viewed along the c axis. The central 
FeO, tetrahedra are surrounded by 
12 FeO, octahedra. 


22 JUNE 2007 VOL 316 SCIENCE 


Pan ef al. estimated, by lincar extrapolation 10 
very low electron dose (1 electron nm), that 
tetrahedrally coordinated Fe™* could be absent 
from the pristine structure of ferihyadrite and may 
appear only as a result of electron beam damag 
However, this is a minimum estimate, Peak 
fiting of the energy-loss spectrum recorded at 
the lowest measured electron dose (3 « 10 
electron nm) indicates that, at this dose, as 
much as 25 = 15% (where 15% is the 
‘experimental ero) ofthe total iron in the mineral 
istetrahedrally coondinated Fe?" (24), Massbaver 
studies performed at temperatures as low as 4.2 K, 
bby our group and others (25) show spectra com 
patty split magnetically and appearing as sextet. 
Although this behavior does not nile out the 
existence of diseretely different iron sites, the ex- 
istence of 4-coonfinatad iron remains inconcli- 
sive (26), Future Mossbauer studies at subiquid 
He temperatures. may prove useful for farther 
resolving this debate, as was demonstrated in a 
study of a compound containing a structurally re 
Fated Fes chster (CIN ie Fe Fad OCHS )204} 
CHONSHO) 27) 

‘Whether a 2-nm (ic, ~30 unit cells) or even a 
6-nm platlike particle can be described by a 
etiodic mode! is debatable. Perhaps a particle 
with maximum dimensions of only several 
nanometers and possessing substantial disorder 
might better be described by a singke lange 
ensemble of atoms. We found thatthe satisfacto- 
ry fitobtained by the single-phase defect-free unit 
cell for ferrihydrite inthis stuxly does not support 
this view. Synthetic ferrihydrite samples. with 
average coherent scattering domain sizes ranging 
from 2 to 6 nm can be described by a singhe- 
phase periodic structure that does not require 
‘multiphase, size-dependent models (fig. SI and 
SOM text) The proposed structure mode! for 
ferrihydrite does not address the positions for I 
sites. However, we anticipate that, with the iron 
and oxygen framework established, neutron total 
scattering studics on deuterated ferrihydrite will 
provide a complete model 

Quantitatively evaluating the structures. of 
materials that exhibit coberent periodicity only 
‘on length scales on the order of <10 nim and that 


are sensitive to changes under vacuum represents 
considerable challenge for conventional diffrac 
‘tion methods and clectron imaging techniques. 
Although ab initio stricture detemnination of 
nanocrystalline materials is in its infancy (28), 
<domain-fimited PDFs from total scattering data 0 
very high reciprocal space values (i, 225 A!) 
provide a map of interatomic distances, which 
can be fitted with competing structure models 
(29), Such models may appear to be quite similar 
in terms of short-range ordering (ic, distances of 
105 A) but are distinguishable over intermediate- 
range length scales (ie, $ 10 20 A) because of 
dierences in overall wopology. Although itis not 
possible to demonsirte the uniqueness of a 
suceessil model, a solution consistent with the 
‘experimental PDF over 20 A, or more, allows for 
strong confidence inthe result. Traditional struc- 
ture solution in well-ordered periodic materials 
relies on the interpretation of sharp Bragg r- 
fections to derive an initial unit cell, This con 
‘ventional approach is generally not feasible for 
nanocrystalline: materials like ferrihydrite be- 
cause of the lack of discernable Bragg reflections 
indiflaction pattems dominated by broad itfuse 
scattering, This diffuse component results not 
‘only from extremely small coherent scattering 
domain sizes but also from surface relaxation, 
iran, and complex. disorder that often: distin- 
uish the structures of nanocrystalline materials 
fiom their bulk counterparts (30), Thus, the 
interpretation of the brow! diffuse diffaction 
pattems of nanometersized crystals through 
‘observation of structural details in real space by 
means of the PDF method currently provides the 
best means of discrimination between existing, 
and potentially closely related, models, 
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Deformation of (Mg,Fe)Si03 
Post-Perovskite and D” Anisotropy 


‘Sébastien Merkel,** Allen K. McNamara,” Atsushi Kubo,“t Sergio Speziale,*t Lowell Miyagi,? 
Yue Meng,” Thomas S. Duffy,* Hans-Rudolf Wenk* 


Polycrystalline (Mgo,s,Fea.)SiO post-perovskite was plastically deformed in the diamond anvil cell 
between 145 and 157 gigapascals. The lattice-preferred orientations obtained in the sample 
‘suggest that slip on planes near (100) and (110) dominate plastic deformation under these 


conditions, Assuming 
the contribution of post-perov: 


lar behavior at lower mantle conditions, we simulated plastic strains and 
to anisotropy in the D” region at the Earth core-mantle 


boundary using numerical convection and viscoplastic polycrystal plasticity models. We find a 
significant depth dependence of the anisotropy that only develops near and beyond the turning 
point of a downwelling slab. Our calculated anisotropies are strongly dependent on the choice 
‘of elastic moduli and remain hard to reconcile with seismic observations. 


nest mantle (the DD” region) have revealed 

‘region of great complexity distinet from 
the overlying deep mantle (7, 2). Unlike the balk 
‘of the lower mantle, the core-manthe boundary 
(CMB) includes large-scale regions with appar 
‘ent seismic anisotropy (3), It has boen sugested 
that this anisotropy could reflect lattice-preferred 
orientation (LPO) of minerals (4) oF alignment 
‘of structural elements, including layers of melt 
(5. 6). A number of lines of evidence now sug- 
‘zest that the transition from a perovskite (Py) to a 
ppost-perov site (pPy) phase in (Mz.Fe)SiO, (7.8) 
‘could explain important properties of D” (9-3). 
nfluence of this phase transition on 
‘our understanding of D" anisotropy remains 


S=mn observations of the lower 
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ambiguous. In this paper, we present multiscale 
modeling of doformation-induced anisotropy 
from (Mg.Fe)SiOs-pPv in D". This work is a 
‘combination of high-pressure deformation exper 
iments on (Mg.Fe)SiOy-pPv and numerical mod- 
g of convection using polyerystal plasticity to 
predict strain ant anisotropy in D” 

We deformed a sample of polyerystaline 
(Meow Feo,)SIOs-pPV plastically in the dia- 
mond anvil cell in compression between 145 
and 157 GPa and observed the evolution of 
LPO in situ using angle dispersive radial x-ray 
diffraction (fig. $1) at the High-Pressure Collab- 
orative Access Team (HPCAT) of the Advanced 
Photon Source (beamline 16-ID-B). Starting 
material was a powder of natural orthopyroxene 
(1-4) mixed with 10 weight percent Pt powder that 
served as a laser absorber. The sample was 
initially compressed to high pressure, at which 
wwe could not observe coherent diffraction from 
Within the sample, and then converted into the 
Pv phase by laser heating at differnt sample 
Positions at a temperature of 1700 K for 20 min 
and 2000 K for ~15 min, After the phase trans- 
formation, pressure and differential stress in the 
sample were 145 and 7.2 GPa, respectively. They 
were then increased in two steps to 157 and 8.5 
GPa over the course of 30 hours. At every step, 
we collected mdial diffraction pattems to evaluate 
the pressure, stress, and LPO in the sample (/4) 
(table $1). 


‘The difitaction images show substantial 
variations of diffraction peak positions and 
intensities with orientation relative to the com- 
pression direction that ean be used 10 estimate 
siress and deduce LPO (/4)(Fig, 1), For instance, 
‘we observed that the diffraction intensity in the 
compression direction is minimal for O04 and 
(022, whereas itis maximal for 113 and 132, The 
texture we obtain (14) i represented in Fig, 2. in 
‘contrast with low-temperature and lower-pressure 
observations on the MngOs (15) and CaltOs (6) 
[PPV analogs, we observed LPO compatible with 
previous observations on a MgGeOs-pPv analog 
deformed under similar conditions (77) with a 
clear minimum at (010) and (001). Those LPO 
are formed immediately upon synthesizing and 
heating (Mg.Fe)SiOy-pPv at high pressure 
Minima observed at (010) and (001) preclude 
slip on (001) and (010) planes, and a comparison 
of observed textures and results from viscoplastic 
self-consistent (VPSC) polyerystal_ plasticity 
simulations (78) indicate that the deformation is 
Tikely dominated by slip on planes such as (100) 
cor (110), in agreement with results of first- 
Principles modeling of stacking fault encngeties 
and shear clastic constants Sis (79) but in 
disagreement with first-principles: modeling of 
dislocation cores based on the Peierls model that 
suggest (001 }010) as the easiest slip system (20), 
‘There are limitations in our experiment: time 
scale, grain size, strain, temperature, and devia- 
toric stresses are quite different from those in 
D". Moreover, LPOs are formed immediately 
‘upon synthesizing and heating the pPV ph 
and do not evolve greatly upon further compres 
sion. However, assuming that (100) and (110) 
slip also applies to (Mg 
mantle lopment 
of LPO in (Mg.Fe)SiOy-pPv in D” combining 
geodynamic information about macroscopic de- 
formation and the microscopic deformation 
mechanisms found in the experiment (tabi 
Deformation in D” can be quite complex because 
itis coupled to larger-scale mantle-wide convec- 
tive processes. Therefore, we performed our mod- 
cing using the entire mantle domain. We used the 
‘numerical convection code Citeom (2/) with the 
addition of Lagrangian tracers to obtain a proper 
«stimation of the deformational characteristics of | 
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mantle strain expected in D” and tracked 
deformation in travers along several streamlines, 
by computing the letstrch tensor at cach step 
(id, 22, 23). The two-dimensional 2D) eonvee- 
tion calculation employed a Rayleigh number of 
107, stress-free boundaries, a temperature- 
dependent rheology, and a viscosity jump of a 
factor of $0 across the 660-km phase transition 
(14), The formation of a rigid id was init by 
imposing a maximum allowable viscosity for the 
uppermost portion of the model, allowing strong 
slabs to form. As is typical for geodynamical 
rmoding, we employed the Boussinesy approx- 


imation to minimize the number of free parame- 
ters. This approximation excludes the eflcets 


phase transitions, including the Py-pPV phase 
transition, We would expect that our predicted 
strain values would be slightly modified with the 
inclusion of these smuller-onter physical pro- 


sgiven the uncertainties in the 
model parameters, we predict that the difference 
would be minor, particularly for this study 

deformation in slab 


20 (degrees) 


8 190 12 14 


Azimuth (degrees) 


0888888 


16 


20 (degrees) 


Fig. 1. Unroled diffraction image of (Mg Fe)SIOy-pPv measured in radial fraction, in situ, at 145 GPa. The 
directions of maximum and minimum stess ae indicated by the black and gray arrows on the right, respectively. 
LPO and differential stress are deduced from the variations of diffraction intensity and peak position with 
‘orientation, Miler indices ofthe diffraction lines from the (Mg Fe)SiOy-pPv sample actualy used in the analysis 
‘are labeled on the figure. Diffraction lines with no evidence of stress (straight lines) are from the gasket. 


001 


100 
(Mg,Fe)SiO,-pPv 


Fig. 2. Inverse pole figure showing the preferred orientation pattern in (Mo, Fe) 
Si0-pPV in compression measured (A) at 145 GPa just after corverting the material 
to the pPv phase, (B) at 157 GPa, (Q in MgGeOs pPv at 130 GPa (17), and (D) 
simulated after 20% compressive strain with models that favor sip on (100) and 
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responding 10 an approximate depth at which 
the Py-to-pPy phase transition is expected 10 
‘oceur. The general trend of strain appears to be 
similar for most tracers and is characterized by 
horizontal stretching, as slab material impin, 
upon the CMB (Fig. S4), Afler investigating 
several streamlines and observing similar trends, 
wwe concentrated on one particular streamline for 
use in polycrystal plasticity models (18). Accu- 
‘mulated strains along a streamline ane very large 
and, assuming that all this strain is accommo- 
dated by dislocation glide, polyerystal plasticity 

ms would predict very shany textures, 

single erystal. Ths is clearly not real- 
istic. At high temperatures, strain may be partial- 
ly accommodated by climb, boundary diffusion, 
mic recrystallization that may signifi- 
tly weaken texture development. Further 
more, sceondary phases may be present. Thus, 
aller several tests (/4), we found thata reasonable 
assumption is that 10% of the plastic strain 
recorded by the tricer is accommodated by dis 
location glide in pPV and the rest by mechanisms 
that do not produce preferred orientation, Using 
the VPSC model, we simulated the LPO evolu- 
tion of an aggregate of 2000 cach time 
step of the convection model, Most of the strain 
(Fig, 3 and fig, SS) occurs as the aggregate 
reaches the CMB and flows parallel to it. This 
configuration is very similar o a combination of 
‘pure and simple shear parallel alony the fivestip 
surface of the CMB. As the tracer descends into 
D’. we observe very little development of LPO 
(Fig. 3A), Texture develops rapidly between steps 
1000 (Fig. 3A) and 2000 (Fig. 38) as the tracer 
tums at the CMB, The texture strengthens and 
evolves only moderately as the particle moves 
along the CMB (up to step S000) (Fig. 3C) and is 
later modified during upwelling (Fig. 3D). 

We obtained an estimate of expected anisot- 
rwpies in the D* by averaging the single-crystal 
clastic tensors as a function of erystallographic 
orientation. From the ageregate clastic tensor, we 
then calculated seismic velocities in different di- 
sections. Fist principles calculations provide single- 
crystal clastic moduli for MgSiO,-pPv at high 
‘pressure and high temperature (24, 25) (able $3), 


Simulation 


(110), Equal-area projection is used, and linear contours express pole densities in 
multiples of 2 random distribution. Reflections used for inverting the orientation 
dtrbution function are indicated in the experimental inverse pole figures. The 152, 
(062, and 200 peaks of (ig FeSiO,-pPv overlap and are not well resolved. 
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Fig. 3. Modeled temperature, stain, texture, and shear wave spitting from 
silicate post-perovskite in ”. The central figure illustrates the evolution of 
temperature and strain along a streamline. Temperatures are normalized so that 
T= Oat Earth’s surface and T= 1 at the CMB, strains are indicated by the black 
lines representing the evolution of maximum and minimum stretch of the 
Lagrangian particle for every 500 time steps, and numbers are time-step 
numbers, Panels (A) to (D) present the modeled 3D [100] orientations, shear 


The results of the two calculations differ signif: 
icantly, and we decided to include both in our 
analysis (figs. SX to S10). As the tracer plunges 
into the D” layer, we observe very little anisotro- 
py. It develops rapidly 
2000 (Fi 


toveen steps 1000 and 
3. A and B), as the tracer reaches the 
CMB. At step 5000 (Fig, 3C), before entering the 


upwelling, shear wave splitting reaches 4.42% and 
1.24% wit the clastic moduli of Stackhouse ef al, 
(24 and Wentzeoviteh et al. (25), respectively 
Most seismic observations of shear wave po 
larization anisotropy in D” involve delays of ver- 
tically polarized S wave components (SV) relative 
tohorizontally polarized S wave components (SE) 
for paths that graze horizontally through the D” 
region (26). However, other studies show tilted 
transverse anisotropy (27, 28) oF local variations 
Of fast polarization directions (29-37). Our pre- 
dictions of shear wave polarization anisotropies 
depend strongly on the choice of elastic moduli 
Using both models, we found a significant depth 
dependence of the anisotropy that only develops 
near and beyond the tuming point of a downwel- 
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[100] 


{100} 


ling slab (Fig. 3 and figs. $8 w S10). In aslablike 
‘environment, we also found that the anisotropy for 
waves propagating paral to the CMB should 
produce loosely symmetric pattems. Using the 
clastic moduli of Stackhouse ef al (24), We pi 
dict a maximum anisotropy of 4% perpendicular 
to the direction of flow, with the direction of fast 
polarization ranging from 60° t0 90° (Fg, < Vs). 
Using the clastic moduli of Wentzcovitch et al 
(25), we obtain lower values of anisotropy with 
ds ranging between 0.S and 0.6%, with a fast 
polarization near 0° (I's > Vgy) for waves travel- 
ing perpendicular to the direction of flow. Waves 
traveling parallel to the direction of flow would 
show varying anisotropies with very litle anisot- 
ropy nearthe downwelling and up to 1.2% before 
upwelling, again with a fast polarization near OF 
Csar> Vor) 


Predictions using the clastic moduli of Stac 
house et al. (24) systematically imply Vege < Vs 


and are inconsistent with most scismic measure- 
ments that find either V5i7> Vy oF locally vary 
ing fast polarization directions. Using the elastic 
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Stackhouse —_ Wentzcovitch 
V4 (%) 


wave splitting ds, and fastest shear wave polarizations at time steps 1000, 
2000, 5000, and 6000, respectively, Shear wave splitting was calculated using 
the elastic moduli of Stackhouse et a (24) and Wentecovitch ef al. (25). Linear 
scale, equal area projection. Contours for the [100] and dVs pote figures are 
‘expressed in multiples of a random distribution and percentage, respectively. 
Black and white lines (for low and high anisotropies, respectively) indicate the 
direction of polarization of the fast shear wave. 


moduli of Wentzcoviteh et af, (25), we obtain 
complex patterns of anisotropies. with lower 
amplitude than observed seismically. Although 
‘many characteristics of D” are consistent with 
the properties of post-perovskite, other phases or 
sructural mechanisms (ez, layering) may 
necessary to explain the seismic anisotropy ofthe 
region, Our study shows how ultrahigh pressure 
experiments on silicate post-perovskites. com- 
bined with microscale (plasticity) and macroscale 
(miantle Now) modeting provide the means to test 
‘our understanding of deformation behavior atthe 
base of Earth's mantle, 
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Weak Northern and Strong Tropical 
Land Carbon Uptake from Vertical 
Profiles of Atmospheric CO, 


Britton B. Stephens,** Kevin R. Gurney,” Pieter 


Lori Brubwiler,? Ph 


lippe 


iy Michel Ramonet,* Philippe Bousquet, 


Tans? Colm Sweeney,” Wouter Peters,? 
Takakiyo Nakazawa,” 


Shuji Aoki,’ Toshinobu Machida,” Gen Inoue,’ Nikolay Vinnichenko,"*t Jon Lloyd,” 


‘Armin Jordan,2° Martin Heimann,2° Olga Shibistova,” 


Roger J. Francey,”? A. Scott Denning™ 


Ray L. Langenfelds,” L. Paul Steele,” 


‘Measurements of midday vertical atmospheric CO, distributions reveal annual-mean vertical CO2 
‘tadients that are inconsistent with atmospheric models that estimate a large transfer of terrestrial 
carbon from tropical to northern latitudes. The three models that most closely reproduce the 

‘observed annual-mean vertical CO2 gradients estimate weaker northern uptake of ~1.5 petagrams 


‘of carbon per year (Pg C year) and weaker tropical emission of +0.1 Pg C year 


compared 


with previous consensus estimates of ~2.4 and +1.8 Pg C year"*, respectively. This suggests 
that northern terrestrial uptake of industrial CO, emissions plays a smaller role than previously 
thought and that, after subtracting land-use emissions, tropical ecosystems may currently be 


strong sinks for CO. 


ur ability to diagnose the fate of anthro- 
Or ic carbon emissions depends eriti- 

‘on interpreting spatial and! temporal 
‘gradients of atmospheric CO; concentrations (/). 


Studies using global atmospheric transport mod 


CO concentration observations have generally 
mated the northem mid-lattudes to be a sink 
2 10.3.5 Pg C year! (2-5), 
sé ocean pata pressure of COy 
ubon isotope (6), and atmo 
oxygen (7) measurements have further 
ed that most of this northern sink must 
reside on land, Tropical fluxes are not well con- 
strained by the atmospheric observing network, 
but global mass-balance requirements have led 9 
estimates of strong (1 to 2 Pg C year") tropical 
carbon sources (4,5), Attribution of the Northem 
Hemisphere terrestrial carbon sink (8-13) and 
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reconciliation of estimates of land-use carbon 
‘emissions and intact forest carbon uptake in the 
tropics (/4-19) have motivated considerable 
search, bu these fluxes remain quantitatively un- 
certain. The fill range of results ina recent inverse 
model comparison study (5), and in independent 
studies (3, 20, 22), sans buxgets with northern 
terest uptake of 0:5 to 4 Pp C year and op 
ical terrestrial emissions of -1 to *4 Pe C year * 
Here, we analyzed observations of the vertical 
distribution of CO, in the atmosphere that pro- 
vide new constraints on the latitudinal distribu- 
tion of carbon fluxes. 

Previous inverse studies have used boundary- 
layer data almost exclusively. Flask samples from 
profiling aircraft have been collected and mea- 
sured at a number of locations for up to several 
decades (22-24), but efforts to compile these 
observations from multiple institutions and w 


compare them with predictions of global models 
have been limited. Figure 1 shows average ver- 
tical profiles of atmospheric CO, derived from 
flask samples collected from aireraft during mid- 
day at 12 global locations (fig. S1), with records 
extending over periods from 4 t0 27 years (table 
$2)(25), These seasonal and annual- 
‘mean profiles reflect the combined influences of 
ve Mluxes and atmospheric mixing, During 
the summer in the Northem Hemisphere, midday 
atmospheric CO concentrations. are_ generally 
lower near the surface than in the free tropo- 
sphere, reflecting the greater impact of temestral 
photosynthesis over industrial emissions at this 
time. Sampling locations over or immediately 
downwind of continents show tanger gradients 
than those over or downwind of ocean basins in 
response to stronger land-based faxes, nd higher= 
latitude locations show greater COs drawdown at 
high akitude. Conversely, during the win 
piration and fossil-fuel sources lead to cle 
Jow-altitude atmospheric COs concentrations at 
northem locations. The gradients are comparable 
in magnitude in both seasons, but the postive 
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_gnadienis persist for a greater portion of the year 
and the annual-mean gradients also show higher 
‘atmospheric CO> concentrations near the surface 
than alofl. We estimated average Northern Hemi- 
sphere profiles (thick black ines in Fig. 1) by 
‘combining reconds from 10 sites (25), We found, 
average Northem Hemisphere midday differ- 
ences between altitudes of I and 4 km of -2.2 
parts per million (ppm) in summer, *2.6 ppm in 
winter, and 0.7 ppm in annual mean, The two 
Southem Hemisphere locations show relatively 
‘constant COs profiles in all seasons, with slightly 
higher values in the free troposphe 

‘To assess the performance of global atmo- 
spheric transport models used in CO> inverse 


studies, we compared the model predictions to 
‘our observations. We sampled the post-inversion 
‘concentration fields from the 12 models partic- 
ipating in the Transcom 3 Level 2 seasonal in- 
version experiment (T3L2) (5) at the airbome 
sampling locations in Fig. 1 and then fit and 
averaged these model predictions in the same 
manner as the observations (25), The models re- 
produce the general features of depleted low- 
altitude CO. during the summer and enhanced 
low-altinwke CO. during the winter, but with im- 
portant systematic differences (Fig. 2), Mast of 
the models hive gradients that are too small in 
the summer (Fig. 2A), suggesting that these mod- 
cls ventilate 100 much of the CO: uptake signal at 
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Fig, 1. Midday vertical CO, profiles measured at 12 global locations based on fits to samples binned by 
altitude and averaged over different seasonal intervals. Norther Hemisphere sites include Briggsdale, 
Colorado, United States (CAR); Estevan Point, British Columbia, Canada (ESP); Molokai Island, Hawai, 
United States (HAA); Harvard Forest, Massachusetts, United States (HFM); Park Falls, Wisconsin, United 
States (LEF); Poker Flat, Alaska, United States (PFA); Orleans, France (ORD; Sendai/Fukuoka, Japan (SEN); 
‘Surgut, Russia (SUR); and Zotino, Russia (ZO). Southern Hemisphere sites include Rarotonga, Cook 
Islands (RTA) and Bass Strait/Cape Grim, Australia (AIA). Profiles are averaged over Northern Hemisphere 
‘summer (A), all months (B), and Northern Hemisphere winter (C). A smoothed deseasonalized record from 
‘Mauna Loa has been subtracted from the observations at each site. Black lines in each panel represent 
Northern Hemisphere average profiles (center) and uncertainties (width) for the same times (25). The 
horizontal axis in (B) is zoomed by a factor of 2 relative to those in (A) and (C). 
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Fig. 2. (A to C) Observed Northern Hemisphere average profiles compared with predictions of the 
12 T3L2 models over the same seasonal intervals as in Fig. 1. Gray lines indicate the observed 
average vertical CO, gradients (center) and uncertainties (width) from Fig. 1 (25). The model 
‘output was processed in the same way as the observations at each site before averaging (25). 
‘Symbols indicate 1- and 4-km values used for calculating the vertical gradients shown in Fig. 3. 
The horizontal axis in (B) is zoomed by a factor of 2 relative to those in (A) and (C). 
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this time of year, In the winter, the models match 
the observed gradients on average but include 
cases where Vertical mixing appears both under- 
estimated and overestimated. The predicted 
Northern Hemisphere annual-mean_ midday 
gradients are considerably tanger than observed 
(Fig, 2B) and represent a substantial bias in the 
models, This overpradiction of the annua-mean 
vertical gradients is also apparent when compar- 
ing models and data at individual sampling lo- 
cations and is most pronounced at sites over or 
downwind of continents (fig, $6), The offset be- 
tween the mean of the models and the observa- 


hemispheric CO2 drawdown and to the fact that 
the models were optimized to marine boundary- 
layer stations, whereas the profile sites include 
‘measurements over the continental interiors. We 
focused only on the vertical gracients, which re- 
spond more quickly than the column means and 
are largely independent of where the models 
‘were optimized. 

‘Because the T3L2 models were primarily con- 
strained by boundary-layer measurements, these 
post-inversion vertical gradients reflect the verti- 
cal mixing characteristics of the models [suppart- 
ing online material (SOM) text}, Atmospheric 
‘mixing, surface COs Hluxes, and CO> spatial grt 
dicnts are tightly linked in inverse calculations 
such that any biases in mixing, horizontal or ver- 
tical, will translate into biases in estimated fluxes. 
Figure 3 shows the impact ofthe range of vertical 
mixing behavior on northern and tropical land 
fluxes estimated using these models, Models that 
trap more CO; near the surface in the Northem 
Hemisphere during the winter require relatively 
‘weaker northem land emissions during this pe= 
riod! to match surface observations, with a hi 
degree of correlation (Fig. 3C). This vertical 
sgradient-flux correlation is not as clear in the 
summer, probably because fossil-fuel burning and 
photosynthesis have opposing effects on concen 
tration gradients, although there is a suzwestion 
that models that ventilate summer uptake signals 
more efficiently require stronger nonthem land 
‘uptake to match the boundary-layer observations. 
“These relationships are preserved when averaging 
‘over the annual eyes, and models with seasonal 
‘mixing characteristics that result in higher annual- 
ly averaged! CO> near the surface relative 1 aloft 
in the Nerthem Hemisphere estimate substantial- 
ly greater annual-mean northem land uptake. 

Because global CO, mass-balance must be 
‘maintained, and because the seasonally varying 
interaction of atmospheric mixing and terrestrial 
fluxes produces. gradients. primarily betw: 
northem and tropical latitudes, the models esti- 
‘mate compensating variations in tropical land 
uxes in all three cases (Fig. 3). Models that 
estimate strong nother land uptake also esti- 
‘mate strong tropical land emissions, The tropical 
\ariations are larger and their correlations to the 
vertical gradients better than for the northem 
land fluxes, possibly because tropical Muxes are 
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less constrained by atmospheric COz measure- 
ments and are consequently more susceptible to 
influence from model transport biases. These 
large aeross-model variations in northem and 
tropical land Muxes are not random, but are sys 
tematically related to how the models distribute 
Oz Muxes vertically in the Nomthem Hemi- 
sphere in different seasons, 

‘The gray bars in Fig. 3 indicate the cor 
responding observed mean I~ to 4-km gradients 
and uncertainties (25) and reveal that most mod- 
cls overpredict the annual-mean midday vertical 
gradients. We considered a number of potential 
biases in comparing aircraft flask sample COz 
measurements to model output. These include 
Potential mode! biases related to dural fax vaia- 
tions and coarse grid resolution, and potential 
‘observation biases related to diumal concentra 
tion Variations, measurement representativeness, 
interannual Variations, fair-weather flying condi- 
mis, ane interlaboratory offsets (SOM text, 
tables $4 and $3, ark! figs. SS and $9), Although 
the fair-weather bias can be as large as 1 ppm at 
individual sites, when averaging across the North- 
‘em Hemisphere, all of these potential biases ap- 
Pear to be smaller than 0.2 ppm oF in the wrong 
direction toexplain the model-observation difler- 
‘ences shown in Figs, 2 and 3, 

‘These differences suggest that an average 
taken across all models does not provide the most 
robust estimate of northem versus tropical Mux 
partitioning. Furthermore, no singke model cap- 
tures both the seasonal and annuakmean ob- 
served gradients accurately (able $3). Because 
small seasonal flux erors of the same sign ean 
‘combine to result in lager annual-mean fu 
biases, we used only annuab-mean gradients 10 
evaluate the models” annua-mean flax estimates 
The three models closest to the annualncan 
vertical gradients (models 4, 5, and C; tables S2 
and $3) estimate average northem land uptake 


and +0.1 = 0.8 Pz C year ', respectively. The 
‘T3L2 12-model average northem and topical 
land results were considerably different at 2.4 » 
Land +18 = 1.7 Pe C year "respectively (5. 
Models 4, 5, and C have concentration biases in 
‘summer and winter that are substantial, but these 
errors offset rather than compound as they do for 
other models (table S3), which results in more 
accurate annual-mean gradients and consequent- 
ly implics mone accurate annual-mean flux 
‘estimates (SOM text), 

‘Our results suggest less carbon uptake by 
northem land ecosystems than previously 
thought. Furthermore, because land-use changes 
in the topics are thought to cause strong carbon 
‘emissions (/6- 18), our results imply strong car- 
‘bon uptake in undisturbed ecosystems. These 
flux revisions are consistent with other lines of 
‘evidence and may help w resolve several long- 
standing conflicts in global carbon budgeting 
(26). Terrestrial ecosystem models and invento- 
ty studies have estimated northem terrestrial car 
‘bon uptake rates that are considerably weaker 
than suggested by the T3L2 study and other 
inverse models (¥, 10, 17,27. 28). Inthe tropics, 
theoretical reasons to expect strong carbon up- 
take fluxes in intact tropical forests (29) have 
‘been at odds with the strong emissions estimated 
in the T3L2 study. Tropical land carbon budgets 
‘are uncertain because of high spatial and inter- 
annual variability and a lack of comprehensive 
measurements (30, 37), but a weak emission flux 
resulting from a relatively weaker deforesta- 
tion source combined with a relatively stron- 
{ger sink has support from bottom-up estimates 
(14-16, 18, 19, 32). Notably, a repantitioning of 
terrestrial fluxes between nosthem and topical 
Fegions as ed here does not conflict with 
independent °C and Og constraints on the 
global land-ocean flux partitioning. 

A number of studics have stressed that 
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Fig. 3. Northern land and tropical land carbon fluxes for the 1992 to 1996 time period estimated by the 
12 T3L2 models plotted asa function of the models’ post-inversion predicted mean vertical CO, gradients 
for the same seasonal intervals as Fig. 1. The vertical axis in each plot represents the estimated fluxes for 
all northern land regions (red) and all tropical-tand regions (blue) averaged over Northem Hemisphere 
summer (A), all months (B), and Northern Hemisphere winter (Q). The horizontal axis represents the 
predicted Northern Hemisphere vertical CO. difference between 1-and 4-km altitude at these same times. 
‘The plotted numbers (1 to 9) and letters (Ato © correspond to the 12 models listed in table S2. Gray bars 
indicate the observed vertical CO. differences (center) rom Fig. 2 and uncertainties (width) (25). The lines 
‘in each plot are linear least-squares fits to the modeled values. 
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atmospheric inverse models, their estimated 
spatial distribution of annual-mean fluxes should 
be interpreted with great caution (3, 20, 33). Our 
analysis ofthe vertical distribution of atmospher- 
ic CO2 suggests that these differences are sys- 
tematic and open 10 validation, Other model 
properties, such as horizontal mixing aloft and 
scasonal timing of prior flux estimates, will have 
different effects on estimated fluxes and should 
also be investigated, The present airborne ob- 
serving network is relatively sparse, and as more 
data become available our results may be refined. 
‘Also, we did not use interstation concentration 
differences in our analyses, but ifinterlaborato- 
ry calibration offsets are minimized, addtional 
model tests may be possible, Future atmospheric 
inverse models with accurate seasonal mixing 
behavior will result in improved estimates of 
global carbon eyeling, The continuation and ex 
pansion of airbome measurement programs for 
CO; and related tracers, andl advances in couplet 
sconystem atmosphere modeling, including vali- 
dation against disercte measurements, will really 
advance this goal 
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Saturation of the Southern Ocean CO, 
Sink Due to Recent Climate Change 


Corinne Le Quéré,*** Christian Rédenbeck,? Erik T. Buitenhuis,*? Thomas J. Conway,* 
Ray Langenfelds,® Antony Gomez,* Casper Labuschagne,” Michel Ramonet,* 
Takakiyo Nakazawa,” Nicolas Metzl,”° Nathan Gillett,"* Martin Heimann* 


Based on observed atmospheric carbon dioxide (CO,) concentration and an inverse method, we 
‘estimate that the Southern Ocean sink of CO2 has weakened between 1981 and 2004 by 0.08 

petagrams of carbon per year per decade relative to the trend expected from the large increase in 
atmospheric CO. We attribute this weakening to the observed increase in Souther Ocean winds 
resulting from human activities, which is projected to continue in the future. Consequences include 
4 reduction of the efficiency of the Southern Ocean sink of CO. in the short term (about 25 years) 


and possibly a higher level of stabilization of atmospheric CO2 on a multicentury time scale. 


tmospheric COs increases at only half 

sions because of the presence of lange 
‘COs sinks in the ocean and on land (). The sinks 
are highly variable and sensitive to climate, yet 
they are poorly constrained by observations, In 
the ocean, only the large-scale variability. and 
trends in the equatorial and Noth Pacific have 
been quantified (2, 3). In other regions, time- 
seties observations and repeated survey analysis 
‘exist, but their extrapolation at the seae ofa basin 
is problematic because of the presence of lang 
regional variability (4-6), Data are particulaely 
sparse in the Southern Ocean, where the 
magnitude of the COs sink is heavily disputed 
(7.9) its interannual variability is unknown, and 
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its control on atmospheric CO> during glaciations 
is firmly established but still not understood or 
‘quantitied (9, 10), 

We estimated the variability and trend in the 
(CO, sink of the Southem Ocean during 1981 10 
2004 using the spatiotemporal evolution of 
atmospheric COs from up to 11 stations in the 
Southern Occan and 40 stations worldwide 
(Fig. 1). We used an inverse method that esti- 
mates the CO» flux distribution and time variabil- 
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ity that best matches the observed atmospheric 
CO2 concentrations (//). The inversion uses 
observed atmospheric COs concentrations from 
individual flask pair values and or hourly values 
fiom in situ analyzers, as available (12) (ig. St), 
‘The station set is kept constant throughout the 
inversion to minimize spurious variability from 
the inversion setup, We performed an identical 
inversion over four time periods using (i) 40 
atmospheric stations for 1996 to 2004 (9 yeas), 
(ii) 25 atmospheric stations for 1991 to 2004 (14 
years, (ii) 17 atmospheric stations for 1986 40 
2004 time period (19 years), and (iy) 11 ate 
mosphere stations for 1981 10 2004 (24 years). 
CO; fluxes and concentrations are linked by the 
atmospheric transport model TMB, with resolu- 
tion of 4° by $° and 19 vertical levels, driven by 
interannual 6-hourly winds from National Cen- 
ters for Environmental Prediction (NCEP) rean- 
alysis (3), The a priori information does not 
involve any time-dependent elements, Although 
‘we focus on the Souther Ocean (south of45°S), 
‘where the influence of the land is at its minimum, 
the inversion is global 

The variability in integrated sea-air CO, 
flux estimated by the inversions is 10.14 Pe C 
year! (14) over the Southern ocean (Fig. 2), The 
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Fig. 1. Footprint of atmospheric CO, measurement stations. The footprint is defined here as the area 
where CO, fluxes of 0.2 molim" year” produce a concentration response of at least 1 ppm, on an annual 
average. The darkest shading shows the region with largest influence on a given station. Stations are 
Cape Grim (CGO; 40.7°S, 144.7°E); Macquarie Island (MQA; 54°S, 159°E); Baring Head (BHD; 41°S, 
175°); Tierra del Fuego (TDF; 54.9°S, 68.5°W); Palmer Station (PSA; 65.0°S, 64° lalley Bay (HBA; 
75.7°S, 25.5°Wy; Cape Point (CPT; 34°S, 19°E); Syowa (SYO; 69°S, 39°E); Mawson (MAA; 68°S, 63°E); 
Amsterdam Island (AMS; 38°S, 78°E); and South Pole (SPO; 90.0°S). The color coding refers to the 
length of the station's record used, with light gray stations used since 1981, green stations since 1986, 
purple stations since 1991, and dark gray stations since 1996. 
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amplitude of the COz variability is about one 
third of the amplitude of the flux variability as- 
sociated with El Nilo events in the equatorial 
Pacific (2) and ~10% of the variability observed 
in atmospheric CO2 growth rate (/5). The longer 
inversion reproduces most of the variability of 
the shorter, better constrained inversions. 

‘The longer inversion further shows.a decrease 
‘ofthe Cs sink in dhe Souhem Oscan between 
1981 and 2004 by 0.031 Pe C year * decade" 
This decrease is significantly diferent at the 
level (16) from the tend of 0051 Py C 
year" decade in sea-air flux expected in re- 
‘sponse to the increase in atmospheric CO» alone 
(Fig, 2), We estimated the trend caused by 
increasing atmospheric CO; alone using two 
independent methods. First, we used a simple 
pulse response function, which we integrated in 
Time using the observed atmospheric COs growth 
rate as input (top red curve in Fig. 2) (/2, 17). 
This method takes into account the surface ocean 
‘equilibration with atmospheric COs and the 
Vertical transport of anthropogenic carton into 
the ocean, Second, we used a full Ocean General 
Citculation Model (OGCM) coupled to a state 
‘oFthe-att biogeochemistry mode! [the Pelagic 
Interactions Scheme for Carbon and! Ecosystem 
Studies version T(PISCES-T) model; bottom red 
curve in Fig, 2] (12) which we foreed with 
atmospheric s onditions from either years 
1948, 1967, oF 1979 repeatedly for all years 
(three separate simulations, only the 1967 
result is plotted in Fig. 2), and with observed 
atmospheric COs concentration. The pulse 
response and OGCM estimates. have similar 
Variability and a similar tend over the 1981 10 
2004 time perio (0.081 and 0.087; 0046, 
and -0.072 Py C year" decade, respectively) 
(Figs. 2 and 3) 

‘The significant difference between the ob- 
served decrease of the CO sink estimated by the 
inversion (0.03 Py C year* decade") and the 
expected ’ 
ie COs (-04 year" decade ') indicates 
that there has been a relative weakening of the 
Southem Ocean COs sink (0.08 Py C year" per 
decade!) as a result of changes in other at- 
mospherie forcing (winds, surface air temper- 
ature, and water fluxes). For comparison, the 
mean Southern Ocean COp sink is estimate to 
be between 0.1 and 0.6 Pg C year (table SI), 

Inverse methods are sensitive to errors in the 
setup and transport mode, in the data, and in the 
selection of the sites. We performed three series 
Cf sensitivity tests on the inversion results using 
the longest inversion. In the first series of tests, 
wwe assessed the robustness of the results to the 
choice of the most sensitive parameters of this 
inversion set up (17 (Ist and 1:2) We increased 
and decreased, respectively, the a prior standard 
deviation of the ocean and land CO Muses by a 
factor of four: (s3) we ineteased the a priori 
standard deviation over the ocean and decreased 
that over land by a factor of 2 each: (ls4) we 
increased the spatial correlation scales hy a factor 
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of 2 (in latitude) and 4 (in longitude}, and (Is5) 
ve decreased the temporal comelation scale by a 
factor of 4. In the second series of texts, we as- 
sessed the robustness of the results with respect to 
transport errors by degrading the quality of the 
transport made: (It) we reduced the resolution 
‘ofthe transport model by a factor of two: and (12 


and 1) we used the degraded model It} and 
applied constant winds for years 1990 and 1995, 
respectively. In the third series of tests, we used 
the degraded model It| and included further avail~ 
able data from (Id1) Baring Head, (12) Halley 
Bay, and (1d3) Cape Grim and Syowa, even 
though they ane not available over all the period. 


Fig. 2. Sea-air CO, flux anomalies in 
the Souther Ocean (Pg C year"), The 
contribution of atmospheric CO. alone 
(top red curve) is calculated based on 
‘observed atmospheric CO2 concentra 
tion and a pulse response function that 
‘computes the ocean CO; uptake as a 
unetion of time (12, 17) The estimates 
based on observations use an inverse 
model of atmospheric CO>. Inversions 
‘over four time scales are shown starting 
in 1981 (thin black, 11 sites), 1986 
(green, 17 sites), 1991 (purple, 25 
sites), and 1996 (thick black, 40 sites). 
The gray shading encompasses results 
{rom all the sensitivity tests using the 
{site inversion The lower panel shows 
results from a process model forced by 
ull red curve) the 1967 constant winds 
‘and flutes and (blue curve) observed 
daily winds and fluxes from NCEP re- 
‘analysis. Sea-air CO, fluxes are inte- 1980 1990 
grated over 45°S to 90°S. Negative Time (y) 
values indicate a flux of CO from the 

atmosphere to the ocean, of a CO, sink into the ocean. Variability <1 year is removed using a Hanning 
filter for alltime series. The 1995 to 2004 average was removed {rom all inversions (see table S1 for the 
‘spread in the mean). The mean of the atmospheric contribution is normalized to the inverted estimate 
{for the 1981 to 1986 time period. 
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Fig. 3. Trend in the sea-air CO> flux (Pg C year"* decade"), Cases Al to Ad estimate the contribution of 
atmospheric CO, alone based on a pulse response model (A1) and an OGCM forced by constant winds 
‘and atmospheric fluxes (A2 to A4) from years 1948, 1967, and 1979, respectively. All inverse results are 
shown in black or gray. Case 1s the standard inversion. Cases Is1 to Is5 are sensitivity tests to the model 
parameters. Cases It1 to It3 are sensitivity tests to the atmospheric transport model. Cases Id1 to Id3 are 
sensitivity tests to the selection of data. The sensitivity tests hatched dark produce the best match to the 
station data, whereas those hatched light produce the poorest match (18). Results of the process model 
using observed atmospheric forcing are shown in blue (M). Error bars for all cases indicate the amplitude 
of the interannual variability (= 1 SD). Significance of the departure between all the inversion cases and 
‘case A and between the model M and case AB is also shown below each case (26). 
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Inall the sensitivity tests, the trend in the COz 
sink in the Southem Ocean is smaller than the 
‘end caused by increasing atmospheric CO> 
alone (Fig. 3). Inversions I (standard inversion), 
Isl, 153, and Is produced the best fit to ob- 
servations (1). These inversions showed a de~ 
‘crease in CO) sink of 0,03 to 0.08 Pg C year 
decade", significantly different at the 99% level 
from the trend caused by atmospheric CO alone 
(16), The inversions with the degraded transport 
nod fit ess well othe station data but stil show 
sa decrease in the CO. sink significantly diferent 
at the 99% level fiom the expected trend. The 
‘only sensitivity test that produces an inerease in 
the COp sink (152) also produces the worst fit to 
the obscrvations (18), However, even this inver- 
sion produces a smaller increase in the CO sink 
than that caused by atmospheric CO> alone, 
although the significance level is lower 92.5%). 

We assessed the influence of the choice of sta- 
tions fier by comparing the tren in the Keng 
inversion with that of the 1986 to 2004 inversion, 
Which uses 17 atmosphere stations instead of 11 
(3 aditional Southem Ocean stations), The trend, 
in searir Og ux in the two inversions forthe 
‘overlapping period is similar, with 047 and 
0.035 Py C year decade for the 1-station and 
| 7-sation inversion, respectively, showing thatthe 
trend is comectly captured in the longer inversion. 

‘The COs flux. variability from the longest 
inversion correlates with the Southem Annular 


Mode (SAM), an index of the dominant mode of 


atmospheric variability in the Southern Ocean 
We use the SAM definition of Marshall 2003) 
(29), based on the difference in mean sea level 
pressure between 40°S and 65°S, which is en- 
ly based on observations and fully indepen- 
dent of our inversion. The correlation of the 
monthly mean anomalies is small (r= 0.22) but 
significant atthe 99% level (16,18). The positive 
comelation indicates that the ocean outyasses 
CO; compared with its mean state when the 
SAM js positive, Le. when the winds are in- 
tensified south of 45°S (20), and suggests that 
\Wind-driven upwelling and associated ventilation 
‘ofthe subsurface waters rich in carbon dominates 
the variability in COs Mus 8). 

To examine whether the results of the in- 
version can be traced back to physical processes, 
we estimated the variability and trend in COz 
fuses using the OGCM-PISCES-T model (12), 
now forced by daily wind stress and heat and 
Water fluxes from the NCEP reanalyzed data for 
1948 10 2004 (1), simitar to (21). This process 
roel reproduces similar pattems of variability in 
CO; flux as estimated by the inversion, with a 
smaller CO sink (more positive sea-air COs flux) 
«during 1993 10 2003 compared with 1983 to 1993 
and 2003 to 2004 (Fi. 2). The process model also 
produces a decrease in the COs sink between 1981 
and 2004 of 0.018 Pu C year * decade" Fig. 3). 
‘Theditference in seas CO, trend of *0.064 Pa 
year decade" between this simulation using ob 
served atmospheric forcing and the simulation 
using constant forcing (-0.046 Pg C year! 
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decade using 1967 forcing) is entirely attribut- 
able to changes in ocean biogeochemistry caused 
bby changes in surface atmospheric forcing. Thus, 
the process mode! attributes the decrease in COz 
sink to an increase in outgassing of natural carbon 
(sea-air flux of 10.064 Pg C year decade 
‘overcompensating the increase in the uptake of 
anthropogenic COs (sear ux of -0.046 Ps C 
year decade"), in agroement with results of the 
inversion hased on cbpservations. 

We performed two additional simulations. 
Firs, the winds alone were kept constant at year 
1967, but the heat and water luxes were allowed 
to vary interannual. Results from this simulation 
show a trend in seastir CO> flux that is close to 
the simulation where both winds and fluxes are 
kept constant (-0.034 compared with -0.046 Px 
C year" decade), Second, the winds were kept 
‘constant in the formulation of the gas exchange 
‘only but were allowed to vary in the physical 
model. The difference in tend with the variable 
‘gas exchange was very small (<3%). The results 
‘of the process model suggest that the changes in 
the COs sink are dominated by the impact of 
changes in physical mixing and upwelling driven 
‘by changes in the winds on the natural carbon 
eyele in the ocean (/8) (Hig. SS), as suggested by 
the positive corretation between the inversion and 
the SAM. The process model also shows that the 
acidification ofthe surfice occan is accelerated by 
this process (/8) (fig. S' 

On a maltcentury time scale, results of sim- 
‘ple moxlls based on well-known carbon chem 
istry show that the ocean shoukd take up 70 to 
0% of ll the anthropogenic COs emitted to the 
atmosphere (22). This estimate takes into account 
‘changes in carbon chemistry but not the physical 
response of the natural carbon cycle to changes 
in atmospheric forcing. In the past, the marine 
«carbon cycle has responded to cireulation changes 
and cooling during glsiations by taking up enough 
carbon to lower atmospheric CO3 by 80 10 100 
parts per million (ppm) (7). Changes in Southem 
‘Ocean circulation resulting ffom changes in Soxsh- 
«em Ocean winds (23) ce buoyancy fluxes (24) have 
boon identified as the dominant cause of atmo- 
spheric CO; changes (9%, 10, 25), We showed 
‘that the Southern Ocean is responding to changes 
in winds over a much shorter time scale, ths 
suggesting that the long-term equilibration of 
‘atmospheric COs in the fiature coukl occur at a 
level thats tens of ppm higher than that predicted 
When considering carbon chemistry alone. 

Observations suggest that the trend in the 
Southem Ocean winds may be a consequence of 
the depletion of stratospheric azone (26). Models 
suggest that part ofthe trend may also be caused 
bby changes in surface temperature gradients re- 
sulting fiom global warning (27. 28). Climate 
models project a continued intensification in the 
‘Southem Ocean winds throughout the 2Ist cen- 
tury if atmospheric CO, continues to increase 
(28). The ocean CO2 sink will persist as long as 
atmospheric COs increases, but (i) the fraction of 
the COs emissions thatthe ocean isable to absorts 
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may decrease if the observed intensification of 
the Souther Ocean winds continues in the fue 
ture and (i) the level at which atmospheric COz 
will stabilize on a multicentury time scale may 
be higher if natural COs is outgassed from the 
‘Southem Ocean, 
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Evolutionary Dynamics of 
Immune-Related Genes and Pathways 
in Disease-Vector Mosquitoes 
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‘Mosquitoes are vectors of parasitic and viral diseases of immense importance for public health. The 
acquisition of the genome sequence of the yellow fever and Dengue vector, Aedes aegypti (Aa), has 
‘enabled a comparative phylogenomic analysis of the insect immune repertoire: in Aa, the malaria 
vector Anopheles gambiae (Ag), and the fruit fly Drosophila melanogaster (Dm). Analysis of 
immune signaling pathways and response modules reveals both conservative and rapidly evolving 
features associated with different functional gene categories and particular aspects of immune 
reactions, These dynamics reflect in part continuous readjustment between accommodation and 


rejection of pathogens and suggest how innate immunity may have evolved. 


epeatedly during evolution, mosquitoes 
R: J other insects have adopted hema- 

jophagy to sustain abundant progeny 
production. In tum, blood feeding provided a 
new point of entry for pathogens. To counter 
assaults, innate immunity has evolved to recog- 
nize and respond to numerous pathogens, ina 
dynamic playotT where either hest oF pathogen 
may win, Although fundamental concepts mestly 
derive from Dm, lg is now an important model 
for studies of innate immunity. A previous 
comparative analysis of Ag and Dyn immunc- 
related gene families (/) highlighted their diver- 
sification and pointed toward an expanded 
conceptual framework of insect innate immu- 
‘The sequencing of the Aa genome (2) 
permitted deeper understanding of insect im- 
mune systems, as displayed by two quite dif- 
ferent mosquito species that diverged ~150 
million years ago (Ma) and Dm, which separated 
from them ~250 Ma. This three-way compar- 
ison is considerably more powerful than the 
previous Dnr-dg study, because it allows mea- 
suring true genetic distances rather than unrooted 
sequence similarities. Taking advantage of the 
added value from multiple species comparisons, 
wwe explore the evolutionary dynamics of in- 
nate immunity in insects and how they can ad- 


22 JUNE 2007 VOL316 SCIENCE 


‘dress both common and species-specific immune 
challenges. 

Multiple large-scale bioinformatic methods, 
manual curation, and phylogenetic analyses (3) 
identified 285 Dm, 338 Ag, and 353 Aa ones 
from 31 gene families and functional groups 
implicated in classical innate immunity or de- 
fense funetions such as apoptosis and response 10 
oxidative stress (table SI). Additional limited 
analysis of nine sequenced genomes fiom four 
holometabolous insect onders spanning 350 mile 
Tion years of evolution, further defined conserved 
family features and assisted manual gene model 
curation by gene family experts. The detailed 
com analysis (Aa‘Ag’Dm) is presented in the 
Supporting online material (SOM) text and in 
figs. St to S22, and the total data set is organized 
into a websaccessible resource (hitp’//cege uni. 
chiinsectaimmunodb), offering a comparative 
[perspective across higher insects. All but 24 pre- 
viously named Aa genes, as well as 79 previously 
unnamed lg genes, were named in accordance 
\ith the nomenclature scheme devised for the dz 
‘genome (7) with the use of additonal guidelines, 
as described in the SOM: this information will 
be incorporated in the forthcoming manual an- 
notations of the VeetorBase resource (www 


Our conservative bioinformatic analysisof the 
complete genomes identified 4951 orthologous 
twios (I:I:1 orthologs in the three species) and 
886 mosquito-specific onthologous pars (absent 
fiom both Di and the honeybee, Apis mellifera). 
Combined bioinformatic analysis and manual 
curation of the immune repertoire identified 91 
trios and $7 pairs, plus a combined total of $89 
paralogous genes in the three species, Paralogs 
derive from family expansions and gene lasses, 
‘or cases of exceptionally high sequence diver- 
gence obscuring phylogenetic relationships 
Orthologs most likely serve corresponding fune- 
tions in respective organisms, whereas paralogs 
‘may have acquired different functions. 

By definition, orthologous trios represent a 
merically conserved subset of genes, Neverthe- 
ess a plot of Dnt and Din-Ag phylogenetic 
distances, measured in terms of amino acid sub- 
stitutions, revealed that, on average, immunity 
trio orthologs are significantly more divengent 
(20%) than the totality of trios in the gonon 
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(Fig. 1A) Indeed, the immune repertoire is one 
of the most divergent functional groups as de- 
fined by Gene Ontology classifications (fig. 
SIA), Furthermore, with Dm as reference, sev- 
eral Ag immunity genes are considerably more 
dlivergent than ther da ontologs. A similar trend 
amongall 1:1:1 erthologs was detected, implying 
{greater accumulation of amino acid substitutions 
in Anopheles. One hypothesis that merits detailed 
testing is whether this reflects a higher speciation 
rate and diverse habitat colonization by Anoph- 
less opposed to the more cosmopolitan deve. 
Large variation exists in different immune 
ir proportions of orthologous tries, 
mosquito pairs, and species-specitie genes (Fig. 
1B), Some families display exclusively species 
specific genes, some mostly trios, and othe inte 
mediate variation. At one extreme are apoptosis 
bitors (IAPS), oxidative defense enzymes 
[superoxide dismutases (SODs), glutathione per= 
‘oxidases (GPX), thionadonin peroxidases (TPN), 
and heme-containing peroxidases (HIPXs)}, and 
class A and B scavenger receptors (SCRS), all of 
Which show predominantly trio onbologs. Atthe 
‘opposite extreme are highly diverse immune 
effector gene familie, including three shared 
antimicrobial peptide (AMP) families that cok 
Jectively exhibit no onhologous tio and only one 
nfident mosquito orthologous pair, The C-type 
lectins (CTL), which have been implicated in 
immunity as opsonins and modulators of mela- 
nization (sce below), are intermediate, exhibiting 
Jane expansions while retaining nine ties ant 
‘one pait, The present study reafliens the family 
dlversity observed in our previous Dmg com 
parison and further reveals substantial diversity 
‘betwoxn the two mosquito species, at just over 
half the evolutionary distance, 

‘A fascinating picture emerged when we 
dlisaniculated the immune responses into sequen 
tial phases (Figs, 2 and 3), Immune responses 
begin with molecular recognition of microbial 
pattems, producing immune signals. Some sig- 
nals are modulated and or transduced before ac- 
tivating effector mechanisms. We observed that 
each of the phases is characterized by diferent 
evolutionary dynamies, which may collectively 
account for the flexibility of the innate immune 
system that enables adaptation to new challenges. 

The immune recognition phase seems 10 
achieve lexibility through divengent evolution: 
Gene duplications result in species- oF Hineage- 
specific expansions and generation of novel 
‘genes, whereas domain duplications kad to new 
gene architectures, Consequently, fruit fly and 
mosquito recognition proteins mestly form dis- 

i (sce SOM), Never~ 
thekess, saquence divergence between reduplicatal 

on genes oF domains remains limited, 
possibly reflecting the relatively limited diversity 
‘of microbial molecular pattems that are known 
to trigger immune responses. The peptidoglycan 
recognition proteins (PGRPs) and the Gram- 
negative binding proteins (GNBPS) are recog- 
nition receptor families that tigger signaling 
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through Toll or Imd pathways as indicated in 
Fig. 2 (4). The Gram-negative recognition pro- 
tein Dm PGRP-LC, which fianctions in the Imd 
pathway. and its Anopheles onolog cach have 
tree functional PGRP domains: however, these 
‘are more similar within species than between 
species, indicating phylogenetically separate 
domain redupfications. A sequence gap obscures, 
the full structure of the Aedes PGRP-LC onthe 
log, which apparently derives from the same 
domain reduplication events that created Ag 
PGRP-LC. Separate reduplication of two adia- 
cent PGRP-LC domains in Drosophila generated 
a nonel gene, PGRP-LF, which is absent from 
mosquitoes. 
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The function of PGRP-LC in Dim is antago- 
nized by catalytic PGRPs that cleave and inac- 
tivate peptidoglycan (5, 6). Mosquitoes also 
possess catalytic PGRPs, but most have emerged 
a species-specific paralogs (Ag PGRPS2/3 and 
Aa PGRPS4S), The fruit fly recognizes Gram- 
positive bacteria activating Toll using the species- 
specific Din PGRP-SD, as well as Dr PGRP-SA, 
which belongs to a trio and functions in con- 
junction with GNBP1, a recognition protein that 
[processes polymeric peptidoglycan (7), The two 
additional Din GNBPS are also fruit Ay- specifi 
‘one of them, GNBP3, recognizes fungi, possibly 
through binding {31,3-zlucans (8), A large expa 
sion has generated five mosquito-specific Bype 


Fig. 1. (A) Divergence of orthologous trios. Immunity single-copy trios are compared with al single- 
Copy trios in terms of genetic distances of each mosquito species (Ag or Aa) protein to the corresponding 
Dm ortholog (3) (fig. $18). Signal transducers are highlighted. Red and blue lines indicate distance 
means for immunity (red dots) and all tries (blue dots), respectively. (B) The repertoire of putative 


‘immune-related gene families. The numbers of 


‘1 orthologous trios (red), mosquito-specific 1:1 


orthologs (orange), and species-specific genes (light brown) are summed to give the total number of 
‘genes identified in Dm (first bar), Ag (second bar), and Aa (third bar for each gene (subMamily. Families 
{are arranged from left to right, according to the decreasing proportion of 1:1:1 orthologous trios within 
the family. Family acronyms that are not defined in the text include: CASPS, caspases; CATs, catalases; 
FREPs,fibrinogen-related proteins; GALEs, galectins; Mls, MDZ-ike receptors. 
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GNBPs, distinet from the two A-type orthologous 
pairs that resemble fruit fly GNBPs. 

Recent studies in tg identified two types of 
Putative malaria parasite recognition receptors 
belonging to distinct structural classes: thioester- 
containing. proteins (TEP) and leucine-rich 
repeat (LRR) proteins. Members of each class 
have been associated with the killing and dis- 
posal of parasites by lysis or metanization. The 
‘TEP family is related to the vertebrate com- 
plement factors C3/C4/C3-and_pan-protease 
inhibitors ¢2-macroglobulins. Ag TEP! binds to 
the surfice of Plasmodium berghei and mediates 


parasite killing (9); it also binds to bacteria and 
‘Promotes phagocytosis (/0, 1). TEPS exhibit 
‘only one orthologous trio and otherwise form 
{wo groups: one with both Dm and mosquito 
TEPs and another with only mosquito species- 
specific clades (the later group includes Ay 
TEPI) (Fig. 3). The second cliss of putative 
receptors include LRR immune gene 1, the 
pioneer P berghei LRR. antagonist (12); others 
Of similar function are Anopheles Plasmoxtium- 
responsive LRR 1 and LRR domain 7, which 
have been additionally implicated in resistance 
to P falciparum, the human malaria parasite 


(13, 14), Like TEP1, none of the three has iden- 
tifiable orthologs in da or Dm. 

Immune modulation is an important process 
that regulates both the immediate aftennath of 
evognition and subsequent effector functions and 
volves in “mix and match” mode. Examples are 
‘modulation of Toll pathway activation and the 
‘melanization reaction, respectively. In both con- 
texts, modulation uses a vast nservoir of serine 
proteases and their inhibitors (sempins or serine 
[protease inhibitors (SRPNs)} oF other regulators, 
fiom which particular components are picked to 
constitute species-specific regulatory modules. 


Fig. 2. Evolution of immune signaling phases in insects. (A A 
Genes and gene families implicated in two immune signaling 
pathways, Tolland Ima (green and purple, respectively. The wel- 
recognized phases of signaling, from recognition to effector 
production, are outlined. Genes known to be part of these 
pathways in Dm are indicated in blue, with their closest 
Phylogenetic relatives in Ag in red and Aa in yellow (based on 
the analysis presented in the SOND, Single-copy orthologs (2:1:1) 
in all three genomes are indicated with solid circles at the 
branching node and mosquito 1:1 orthologs are indicated with 
‘open circles, respectively. Ag genes affecting survival of the 
malaria parasite P. berghei are marked with stars, and mosquito 
‘genes transcriptionally regulated by NF-xB-tike mosquito REL 
factors are marked with diamonds; Aa CECA and Aa DEFA 
effectors are controlled by both RELIA and REL2 (33, 39); 
similarly, Ag REL2 controls expression of immune effectors, 
induding CECL3 and GAM (40). Dm LYSs show little response to 
bacterial infection, but several are up-regulated afte infection by 
microsporidia (41). The mosquito Ag LYSCL/2 and Aa LYSC1I 
UysA) genes are up-regulated after bacterial challenge (42, 43), 
‘and Ag LYSC2 is controlled by RELL. We constructed radial trees 
using similarity distances of the conserved sequence cores 
computed. by maximum likelihood. Branch-length scaling is 
preserved within, but not between, trees. (B) Gene families 
‘implicated inthe three major immune phases (recognition, signal 
transduction, and effector production) are clearly different in 
relative sequence divergence (left panel; sum of branch lengths 
divided by number of members). Quantitative analysis of 
‘evolutionary divergence modes in all six phases defined in (A is 
based on gene numbers: trios, mosquito pairs, and genes found 
in only one species (right paneD. All signal transduction genes 
form trios but are maximally divergent in sequence. tn contrast, 
«effector families diversify not by sequence divergence but by gene 
duplication and creation of new families (eg, Gambicin in 
mosquitoes and Diptericin, Drosocin, and others in Om). This 
mode results in numerous species-specific effectors but very few 
trios, contrasting with the pattern seen in signal transduction. The 
species-specific modulators are selected separately in each spe- 
cies, from very large, divergent families such as SRPNs and CLIPS. 
‘Although the Toll and SPZ families are rich in trios, the mosquito 
‘genes most closely related to the Dm Toll-/Spz interaction 
‘module are largely species-specific. Finally, the recognition phase 
shows an intermediate level of diversification, with species- 
specific genes approximately equal in number to the gene sum of 
trios and mosquito pairs; in this case, diversification arises by 
duplication of both genes and domains within genes {see (A). 
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Suevessfil triggering of the Dm Toll pathway 
after fungal and Gram-positive recognition en- 
gages a dedicated proteolytic activation cascade 
‘of serine proteases and SRPNs, of which several 
have been identified recently (15). None of these 
proteins exhibit mosquito onhologs, and only Spir- 
itand Grass have recognizable paralogs (Fig. 2). 
‘The eascade culminates in cleavage of Spaetzle 
‘by the Spactele proteolytic enzyme (SPE), 
releasing a cytokine that binds to Toll. Mosqui- 
toes have several genes encoding Spactzl-like 
proteins (SPZs), but their SPE has not been 
recognized. Suggestively, the short and very 
specific SPE cleavage site (/6) recurs in Ag 
CLIP-domain serine protease BS (lg CLIPBS) 
and a CLIPB38, which are otherwise phyloge- 
netically unrelated, 

larly, activation of prophenoloxidases 
(PPOs) to phenoloxidases (POs), the executors 


‘of metanization, is induced by a protease cascade 
(mostly CLIPBs) The cascade is positively and 
negatively regulated by 2 network of inactive 
protease homologs (CLIPAS), CTLs, and SRPNs 
(Fig. 3). This. melanization module is tightly 
controlled, because it generates toxic byproducts 
including reactive oxygen species. Reverse ge- 
netic analyses have identified a large set of lg 
regulators for melanization of P berghei 7-19) 
for Sephadex beads (20, 27): one SRPN, two 
(CTLs, eight CLIPBs, and three CLIPAs (Fig. 3). 
Notably, all are members of mosquito-spevific 
‘expansions, none has a definitive 1:1:1 ortholog, 
and only SRPN2 has a ckar Aa ortholog. The 
reservoir of Aa proteases shows an undemrepre- 
sentation of CLIPAs and massive expansions of 
CLIPBs as compared with both Ag and Dm, 
Finally, the melanization module may encompass 
ackditional regulators, because the genetic back- 


on Moduavon of melanizaton Fame 
O11 sanamedunom tecing Powe Arsoeote Sips tan 
Sroemt osdmar eed 9 rit and rath mede Ch iee 8h 
erat hacgeistonmpamyerinee Siw iss tm se 


Fig. 3. The melanization immune response evolves by convergence and is based on pathogen-related, 
species-specific regulatory modules. Components are hightighted and shown in relation to their closest 


phylogenetic relatives in Dm (blue), Ag (red), and 


Aa (yellow), They are grouped in three phases: 


recognition, signal modulation, and effectors. TEPs exhibit only one orthologous trio and otherwise form 
two groups: one with both Dm and mosquito genes and another with species specific mosquito clades. 
Recognition genes affecting P. berghei (Pb) melanization (green stars) are Ag-specific. Similarly, among 
modulators, those affecting Pb melanization (numbers in green in the bottom right box) are almost 
‘exclusively specific for Ag and are recruited from large divergent families (numbers in parentheses). In 
the modulation phase, CLIPB cascades are regulated positively and/or negatively by serine protease 
homologs (CLIPAS), CTLs, and SRPNs. Among those, CLIPB1, 4, 8, 9, and 10 are involved in melanization 
‘of Sephadex beads. The PPO effectors remain conserved in sequence to preserve their enzymatic func- 
tion, but the family is expanded in mosquitoes. Ag genes marked with black stars affect survival of 


P. falciparum (Ff). Single-copy orthologs (1:1 


:1) in all three genomes are indicated with solid circles, and 


‘mosquito 1:1 orthologs are indicated with open circles on respective nodes. We constructed radial trees 
using similarity distances of the conserved sequence cores computed by maximum likelihood, with 
branch-length scaling preserved within but not between trees. 


www.sciencemag.org_ 


REPORTS [ 


ground determines which components are im- 
portant in specific dg strains (19). 

The observed diversity of modulation com- 
ponents suggests that retated but distinct regu 
latory modules may evolve in different species 
and even in subspecitic taxa, Recruitment of 
individual members from very lage multigene 
families may be followed by modulatory fine- 
tuning through selection imposed by particular 
microbes, For example, several of the genes that 
negatively control P. berghei melanization in Ag 
{CTLA, CTL manmose-binding 2 (CTLMA2), and 
SRPN2| do not alfect P. falciparum (22, 23), 
Because Ag is a natural vector of P. falciparum 
but not of P herghei, itis appealing to speculite 
that the sets of regulators of the melanization 
module evole with and are manipulated by 
parasites, This modular mix and match evolution 
hinders detailed knowledge transfer between 
Vector species but reinforces its importance in 
shaping the immune response. Future experi- 
‘mental studies of the melanization module in Aa, 
‘which can melanize bacteria and filarial worms, 
a well as sporozoites of the avian parasite P 
sgullinaceum (24, 25), will be fruitful in further 
exploring this fascinating mode of immune 
evolution, 

Although Toll-like receptors: (TLRs) are 
found throughout the animal kingdom, phyloge- 
netic and functional studies have suggested that 
insect Tolls and mammalian TLRs evolved 
independently (26), Most Din Tolls serve devel- 
‘opmental functions, and the weruitment of the 
Tall (TolF) receptor to immune signaling, has 
been ascribed 10 convergent evolution, Even 
Within insects, our analysis detects: diversit 
species-specific Toll expansions and only three 
trios. Di Toll-| has no clear orthologs: redupli- 
cations have created a clade of four Ay and four 
Aa genes, all related to both Dm Toll-l an Dit 
Toll (Fig. 2), Inadltion to its role in antifungal 
and antibacterial responses, Dm Toll} has been 
implicated in cellular antiviral responses (27) 
‘Thus, the possibility that the expanded Toll-/ 
TollS clade in mosquitoes is related their 
imeractions with viruses merits detailed func- 
tional investigation. An unexpected evolutionary 
pratiem was also observed for Spaetzle, the 
eytokine partner of Dm Toll-l, which shows 
thnoe da paralogs and no identifiable 4g ortholog. 
Aa SPZAC acts together with Aa TOLLSA to 
activate antifungal responses (28); however, the 
absence of an dg Spacteke ortholog 
questions about the evolution of this pair of 
molecules as an immune module, especially 
because the cytokine-Toll interaction is not 
required for mammalian TLR signaling. The only 
insect Tolls that cluster with TLRs are Dn Toll, 
4g TOLL9, and da TOLLYASB. Because Din 
TolL-9 is the only other Toll linked to Drosophila 
immunity (29), it is possible that this. clade 
represents the most ancient immune-related insect 
Tolls. Whether these receptors ean directly 
recognize microbial or viral immune inducers 
remains to be scen: itis worth noting that they are 
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more similar to lipid-binding TLRs rather than to 
nucleic acid-binding TLRs. 

Signal transduction components exhibit an 
tunexpected mode of evolution. Rather than du- 
plicating to create novel cascades responding to 
distinet challenges, oF picking up members of 
rmuliprotein families 10 promote adaptive in- 
teractions, these components show robustness, 
maintaining their distinctive identity and func- 
ionality in the face of sequence evolution. The 
cytoplasmic signal transduction of the Toll path- 
way includes a chain of interacting partners, 
almost invariably encoded by orthologous tries: 
myeloid differentiation factor 88 (MYDS8), 
TUBE, PELLE, tumor necrosis factor receptor 
associated factor 6 (TRAF6), and CACT (Fig. 2). 
The sume is true for the components of the IMD 
pathway: IMD, Fas-associated death domain 
protein (FADD), Dredd (CASPLI), IAP2 
transforming growth factor fb-activated kinase 
(TAK), and inhibitor of nuclear factor xB kinase 
subunits y and B (KKy and IKK). Despite 
Persistent orthology, these components show 
imarked divergence in sequence (Fig, 1A), A 
similar pattem is observed in the signal trans- 
ducers Dome and Hop of the immune signaling 
Jans kinase-signal transducers and activators of 
transcription GAK-STAT) pathway, which is 
activated in Din by virus infections (30). We 
hypothesize thatthe requirement for these factors 
to interact proxluctively with others in the same 
chain causes escalating sequence divergence: A 
‘mutation in one may enhance the acceptability of 
certain mutations in its interacting partner, 
maintaining pathway function through coherent 
‘evolution rather than stasis, Consistent with this 
interpretation, evidence has been reported fr an 
association between natural sequence variation of 
‘core signaling pathway components and immune 
‘competence in Drosophila (31), Similar evolu- 
tionary pattems are detected among members of 
the RNA interference antiviral pathway, Dicer-2 
and Ago-2 (32), which also form highly diver- 
‘Bent trios, 

Signal transduction culminates in the next 
phase: nuclear translocation of transcription foc 
tors. The eytoplasmic nuclear factor xB (NF-KB) 
transcription factors remain inactive until a pro- 
‘cessed immune signal frees them from inhibitors, 
ppemnitting their entry into the nucleus and tran- 
scription of eflector genes. The evolutionary put- 
tem in this phase combines aspects observed in 
‘other phases. The NF-xBs of the Im pathway 
[Relish in Dm and Reblike NF-XB protein 2 
(REL2) in mosquitoes] fom an onthologous trio 
that displays high sequence divergence, as in 
signal transducer trios (Figs. 1A and 2). A recent 
duplication in a has resulted in an orthologous 
quartet (4g RELI, Dm Dorsal, da RELIA, and 
Aa RELIB). In contrast, Dif is absent from both 
mosquito species, although the intronkess. a 
RELIB pene may have originated by retrotrans- 
position. Transgenic analysis has shown that 
RELIA controls Aedes antifimgal responses, as 
does Dit in Dm (33): this represents an interesting 
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case of finctional transfer between paralogs. 
STAT, the transcription factor of the JAK-STAT 
pathway. shows high sequence divergence Hike 
REL2 and has been duplicated in Ag 

Immune effectors are required to tanget and 
neutralize the microbial source of the immune 
signal. We observed varied evolutionary dynam 
ics for different categories of effectors, reflecting 
their modes of action, Thase acting dincctly on 
microbes diversify rapidly or are species-specific, 
Whereas effector enzymes that produce chemical 
‘cues to attack invaders remain conserved but in- 
dependently expand in each species, 

The production of AMPS, which act on 
bacterial membranes causing lysis, is a classic 
immune-inducible effector response (Fig. 2) 
‘Seven AMP families exist in Drm, but only three 
fof them were detected in mosquitoes: Defensins 
(DEF), coeropins (CECs), and attacins (ATT) 
are highly diverse, tazether displaying no ortho- 
ogous trio and only one confident 1:1 onho- 
ogous pair. Conversely, gambicins are only 
encountered in mosquitoes, The apparent paucity 
‘of mosquito AMPs in contrast 10 Dw may be 
attributable to different prevalence of bacteria in 
their respective environments. 

As diverse as AMPs, the large family of anti- 
bbactenal peptidoglycan-hydrolyzing Iysozymes 
(LYSs) shows only one identifiable trio and o 
mosquito pair among 2X members (Fig. 2). A 
marked expansion in Dar is ascribable Wo the use 
of LYSs for digestion of bacteria as a food re- 
source: These peptides are atypically acidic and 
are expressed in the midgut but not in other im- 
mine tissues (34), Apart from these digestive Dm 
LYSs, the family forms two groups: one with 
both Dm and mosquito LYSs and the other with 
only species-specific clades of mosquito LYSs- 
very similar pattem to that observed for TEPS, 
Which are also thought to function both as recog 
nition receptors and as complement effectors, 

The family of PPO melanization effectors has 
expanded greatly in mosquitoes. as compared 
With Dnr and larger model inscets. tg PPOWAa 
PPOG is the ony orthologous pair that clusters 
With Dm PPOs; the remaining 17 mosquito PPOs 
form a distinet clade, created by reduplication 
events both before and since Ag-da divenged 
(Fig. 3), The invariable catalytic activity of POs 
(conversion of tyrosine to melanin) is likely to 
restrict their functional diversification, suggesting 
that observed expansions may reflect diversifica- 
tion to accommodate differential developmental, 
{opological, oF temporal activation. Indeed, sey- 
eral Aa and Ag PPOs show developmental or 
ty (35, 36). 
increased systemic levels of hydrogen 
peroxide (Hj0,) have been associated with 
Plasmodium melanization (37). 10> is used as 
aan clectron acceptor by HPXs that catalyze 
various oxidative reactions. This effector family 
showsa small expansion in Aa and a large one in 
Ag, while retaining a set of eight onhologous 
trios including DUON (dual HPX and NADPH- 
‘oxidase, where NADPH is the reduced foam of 


nicotinamide adenine dinucleotide phosphate). 
‘The latter is associated with peroxidase-mediated 
nitration during the apoptotic response of midgut 
cells to Plasmodium invasion (38), Numerous 
trio onhologs of HPXs and other enzyme fam 
ilies implicated in oxidative defense show low 
sequence divergence, suggestive of constraints 0 
preserve ubiquitous catalytic activities. 

The availability of the genome sequences of 
distantly related insects has allowed us to apply 
comparative genomic methods 1 analyze the 
evolutionary dynamics of the insect innate im- 
‘mune repertoires, Notabls 
and seemingly contrasting evolutions 
characterizing different immune modules, which 
together serve to provide a Mlexible system 
capable of adapting to new challenges. The 
repentoire of recognition receptors of microbial 
groups such as bacteria and fungi, whieh are 
encountered by all species, is achieved through 
expansion and fine-tuning of model genes, New 
functions (e.g. recognition of malaria parasites) 
are acquired from genes bearing powerful and 
ancient recognition domains such as LRRs. Pro- 
tein networks modulating immune signals are 
assembled independently in each species, in the 
mix and match mode of evolution described as 
“bricolage” by Frangois Jacob: they therefore 
coevolve with pathogens and may be subject to 
evasion, Pathways of signal transduction, on the 
cther hand, remain highly conserved, and their 
constituent genes seem to evolve always in eon 
cert, Finally, effector mechanisms follow evolu 
tionary pattems that depend on their mode of 
ction: most are highly divengent oreven species 
specific, in contrast 10 the ancient, conserved 
‘oxidative defense mechanisms. 

Recognition of the role of Toll in Drosophila 
immunity ted dinvetly to the identification of 
TLRs as a fundamental aspect of mammatian 
innate immunity, Simiuly, the diverse evolu 
tionary modes of insect immunity that we de- 
tected in the present study can guide future 
studies on the evolution of innate immune mech- 
vertebrates and other animals, They 
can also facilitate targeted! studies of immunity in 
the two mosquito species, Which together trans- 
mit some of the most devastating infectious dis- 
cases of humankind, 
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Culling Prey Promotes Predator 
Recovery—Alternative States in 
a Whole-Lake Experiment 


Lennart Persson,™ Pei 
Rune Knudsen,” Raul Primicerio® 


ne Amundsen,” André M. De Roos,? Anders Klemetsen,? 


‘Many top-predator fish stocks in both freshwater and marine systems have collapsed as a result of 
‘overharvesting, Consequently, some of these communities have shifted into seemingly irreversible 
new states, We showed, for predators feeding on prey that exhibit food-dependent growth, that 
culling of fish prey may promote predator recovery. We removed old stunted individuals of a prey- 
fish species in a large, low-productive Lake, which caused an increase in the availability of small- 
sized prey and allowed the predator to recover. The shift in community state has been sustained for 
‘more than 15 years after the cull ended and represents an experimental demonstration of an 
alternative stable state in a large-scale field system. Because most animals exhibit food-dependent 
‘growth, shifts into alternative stable states resulting from overcompensating prey growth may be 
‘common in nature and may require counterintuitive management strategies. 


"id changes observed in many ecologi- 
R: systems, such as the collapse of major 
ish stocks (/-f), have prompted an in- 
read intro in allemative sable sates during 
recent years (5, 6). Theoretical studies (7, 8) 
suggest that size-selective predation (9-2) may 
be a major mechanism behind shifts betweer 
alternative stable states if reduced competition for 
resources among remaining prey (6, 12) accel 
erates prey growth, Predation on smal individ 
als in this case leads to an overcompensating 
response because surviving prey mafire more 
rapidly and achieve higher population repro- 
Aluetive ouputs, Counterinitively, densies of 
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sinall prey hence increase and not decrease when 
predators forage on such small prey individuals 
(7, 13), Thus, size-selective predators shape the 
biotic environment to their own advantage. These 
predatorwey systems arc, however, prone 10 
imeversible collapse of the predator if over 
harvested. A drop in predator density causes prey 
to grow and reproduce more slowly and conse- 
quently produce lower abundances of vulnerable, 
smallsized prey. This change in prey-size dis- 
tribution subsequently prohibits recovery of the 
predator, making the collapse seemingly irre- 
versible (7, 8). Nexto the predator-prey state the 
community thus possesses an alternative stable 
state with only prey (7). Size-selective harvesting 
of prey may offer a route to predator recovery, 
because it should stimulate rates of prey growth 
and reproduction and thereby shift prey 
distribution toward smaller individuals, Once 
the prey-size constraint for recovery is lified, the 
recovered predator populition should itself be 
able to sustain the system in the mew state. 


In the early 1900s, the top-predator brown 
trout (Salmo rruna) was the only species in the 
Jow-productive Lake Takvatn, in northem Nor- 
way (14-16), Overharvesting reduced trout to Low 
levels, and Arctic charr (Safvetinus alpinus) 
prey for, but also a potential competitor of, small 
brown trout for invertebrates (14, 16-19) —was 
introduced in about 1930. The char soon dom 
inated the fish community, and by 1980 trout 
\were almost absent (Figs. Hand 2, A and D). To 
improve lake fisheries, 666,000 charr (31.3 
metric tons) Were removed during 1984 10 1989 
(14.15), By 1991 charr density had decreased by 
0%, subsequently rebounded to less than hall its 
1984 density, ad ultimately exhibited a deceler- 
‘ating decrease toward a new steady state (1992 to 
2006, regression F,y4 14.7, P= 0.002) (Fig. 1). 
‘Trout density increased from 1989 10 1992, re= 
‘maining steady afterward (1992 t0 2006, regres 
sion Fis 0. P= 099). On average (1992 to 
2006), the trout density was 12% of the charr 
density similar to the value of 1$% observed in 
control lake (76), Although charr may compete 
‘with small trout for food (4. 17, 18), we found 
tno evidence for a negative density- dependent 
effect of cither total char density or density of 
charr <1S0 mm in size on the body condition of 
100-mm trout (regressions, Fy = 0.10 to 
P> ol) 

We generated seven testable expectatio 
this prey-culling management strategy with an 
existing resouree-prey-predator, food-chain moxl- 
1 (7, 13), in. which prey exhibit food-dependent 
growth and reproduction and predators forage on 
small prey only. At low densities, invading pred- 
ators cannot increase in density inthe stable prey 
resource state (Fig. 3). Culling prey induces 
ovcillations in prey density and strong pulses in 
prey recruitment, which allow predators 10 in- 
crease in numbers and reach high densities. 
Predators can subsequently control the prey, 
diving the system toward an altemative, stable 
resouree-prey-predator equilibrium (Fig. 3) char- 
acterized by (1) lower prey density (smallestsize 
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classes excluded), (2) higher predator density 
broader prey-size distribution, (4) higher indi- 
Vidual prey growth rate, (5) higher density of 
sinall-size classes of prey, and (6) improved body 
‘condition of predators (7, 3). Finally, the route to 
the new equilibrium state occurs via harvesting- 
induces! oscillations (7) (Fig, 3). 

‘We compared these seven theoretical expecta- 
tions with data from the whole-lake manipulation 
in Takvatn, Firstand second, the density of charr 
(young-oFthe-year charr excluded) decreased 
and that of trout increased (predictions 1 and 2) 
(Fig, 1), Aller the perturbation, both populations 
approached new equilibrium densities sustained 
for more than 1S years (more than two gon 
erations), which is long enough to conclude that 
the new state represents an altemative stable sate 
(20, 21) In addition, we found no relationships 
between the shift in the fish community and lake 
Transparency or temperature, arguing against 
such environmental fictors being responsible 
fir the observed shifls (regressions, F.17 = 0.00 
to 0.19, P > 0.1), Moreover, thinning experi- 
iments with allopatric charr populations showed 
return times 10 the initial population structure 


Within 5 to 8 years (22), ic, in less than half 


Fig. 1. Changes in abundance of 


Arctic chart (square, solid tines) and 40 
brown trout (citles, dashed lines) ing 
Lake Takvatn during 1984 to 2006. 
‘Trend tines are inserted for the pe- 20. 
riod 1992 to 2006. Hatched area 10. 
shows period of chart culling, 3 
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Fig. 2, Shifts in structure (size distributions, 9 
population during 1976 to 2006. Size distributions 


the post-thinning period in Takvatn. Third, the 
charr size distribution changed dramatically 
(prediction 3): Before manipulation, the char 
population was densely packed with a high 
dominance of individuals 161 to 211 mm in size 
(1980 and 1981, Simpson's measure of domi- 
nance = 0.13 and 0.23, respectively) (Fig. 2A), 
‘which changed to a markedly reduced domi- 
nance of a few size classes (Simpson's measure 
‘of dominance: mean 0.05, range 0.02 t0 0.08; 
comparison postperturbation years, 1990 to 
2006, versus. pre-perturbation ‘years, 1980 to 
1981, Mann-Whitney U test, two-tailed, P 

(0.022) (Fig. 2, B and ©). Fourth, compared with 
pre-perturbation years, the growth of individual 
char increased substantially in all postperturba- 
tion years (prediction 4) (two-way analyses of 
variance, year class bom in 1976 versus thase 
‘bom in 1984, 1989, 1994, and 1999, respectively, 
Fs ~ 889 w 2435, P< 0.001) (Fig. 2D). It 
should be stressed that the growth curve for pre- 
perturbation years with its monotonic decrease 
With age and very narrow standard errors showed 
that the growth of Aretic charr was consistently 
Jw for the entire pre-perturbation period 1980 10 
1984. In contrast, growth of individual Arctic 


yowth rates) of the charr 
of chart before [(A), 1980] 


1976 


1980 


and after [(B), 1994, and (C), 1996] the culling experiment. Size distributions 
for the postculling phase represent examples of years with high [(B), 1994] and 
low [(C), 1996] availability of small-size classes of chart. (D) Growth curves (means + 1 SB) of charr from an age of 2 years before (closed circles, dashed 
line), during (open circles, dashed-dotted lines), and after (squares, solid lines) the perturbation of charr. Data from pre-perturbation period (year-class 


1976) are based on samples from 1980 and 1981. 
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1984 


cham after perturbation showed temporal varia- 
tion depending on char density (15), although it 
‘was consistently higher than in pre-perturbation 
years (Fig. 2D). In contrast to the charr popu 
lation in Takvatn, no changes in either size dis- 
tribution or growth rate of char were observed in 
the nearby control lake during 1979 19 1999, and 
both growth rates and size distributions (Simp- 
son's measure of dominance = 0,06) were similar 
to that of past-thinning charrin Takvatn (lig. St), 
As a critical prediction for establishing the 
mechanism causing the altemative stable states, 
the availability of small-sized charr preyed upon 
by trout should increase (prediction S), Indeed, 
fon average, the charr available for a 400-mm 
trout (char size range 4t0 160 mm, optimal size 
80 mm (/7)] almost doubled in size (Fig. 4A), 
‘with even larger increases for smaller trout (300- 
‘mim trout, 3.2 times; 350mm trout, 2.7 times). 
Compared with pre-perturbation years (1980 t0 
1981), estimated trout encounter rates (Fig. 4A) 
with charr were higher in all but three post- 
perturbation years (1990 10 2006, except 1990, 
1996, and 1998). Also consistent with expe 
tations, we found harvesting-induced os 
in the charr population (prediction 7) reflected 
avery distinct periodicity in char availability for 
‘brown trout (1990 10 2006, peaks: autocor- 
relation lagy = -0.69, P= 0.017; dips: auto- 
comelation lags = 04S, P= 0.008; peaks: partial 
autocorrelation lagy = 0.69) (Fig. 4B) and 
resulting trom oscillations in charr recruitment 
[capture per unit effort (CPUE) of ehare <150 
‘mm, 1990 to 2006, peaks: autocorrelation lay 


0.40, P= 0.024: valleys: autocorrelation lazy 
0.66, P = 0,02: valleys: partial autocorrelation 
Igy = 0.568] (Fig. 4, C and D), The abundance 


of charr <150 mm, including in the perturbation 
years, also clearly suggests that the system aps 
proaches an equilibrium through damped os 
cilltions (Fig. 4C). Finally, the eyctic availability 
of charr after the perturbation allows us t0 4 
whether increased availability of charr results 


1988 
Year 


1992 1996 2000 2004 
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increased trout performance (prediction 6). In 
support of expectations, we found a positive rela- 
tionship between charr availability and the body 
condition of trout in the same year (reeression, 
P= 046, Fite £03) (fig. S2). Fur- 
thermore, fluctuations in charr availablity 2o- 
Varied with total trout abundance 2 years later 
(cross-corrlation,taz> = 0.59), providing further 
support for the conclusion that competition be- 
tween char and trout was newligible. 
Oureypsrimental demonstration of altemative 
sable states in a large lake contests markedly in 


Fig. 3. Model predictions 
of culling size-structured 
prey on predator recovery. 
Continuous invasion of 
predators (old line) unit 
time = 1500 days is 
unsuccessful. At time = 
1500 to 2000 days, heavy 
harvesting on prey (dotted 
line, vuinerable juveniles; 
dashed tine, invulnerable 
juveniles and adults) is 
imposed (hatched area), 
leading to successful estab- 
lishment of the predator. 
The: perturbation induces 


l 


scale with previous experiments restricted to lab- 
oratory oF fiekd enclosure systems (2/, 23, 24). 
The results show that differences in char size 
distribution induced by food-<dependent growth 
‘were pivotal for creating an altemative stable 
state, Because the overwhelming majority of 
‘organisms exhibit food-dependent growth, includ 
ing taxa such as insects, fish, reptiles, and 
amphibians (25, 26), overcompensation resulting 
from food-dependent growth could be a major 
mechanism giving rise to altemative stable states 
in many ccological systems. Our results are also 


‘osclations in both pred 0 
ator and prey during a 
transient phase belore the 
system reaches an altemative equilibrium, 
A 
5 
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Fig. 4. Cyclic dynamics in charr availability. (A) Encounter rates of 2 400-mm brown trout with charr in 
11986 to 2006 relative to two pre-perturbations years (1980, squares and solid lines; 1981, circles and 
dashed lines) expressed asa ratio. (B and D) Autocorrelation in encounter rate (B) and charr <150 mm 
CPUE (0) for the period 1990 to 2006 showing an 8-year periodicity (negative correlations are peaks 
in availability, positive correlations are dips in availability). (C) Capture per unit effort (CPUE) of chart 


<150. mm. 
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selevant to interactions where the average size di 
ferences between predator and prey are greater than 
those between brown trout and Aretic char, be- 
«cause the main predatory foc may sill be directed 
toward the smallest prey sizes (27), which is crucial 
for the alemtive stable state to occur, 

Many fish communities, including the Aretic 
<harr-brown trout systems, simultaneously suffer 
fiom low levels (or indeed the complete absence) 
of top predators and stunting of prey. Both preda- 
torstocking and prey culling have been advanced 
8s management tools to counteract this situation 
(1, 4,28, 29), Our modeling studies (7, 13) sug- 
ges that piscivore stocking must be rather 
be successful, and hence this is not a practi 
‘management strategy in many eases, Prey culling 
ay be a more realistic approach to improve the 
satus of fish stocks in a sustainable way in large 
lakes such as Takvatn, We finally argue that the 
risk of ireversible collapse from overhatvesting 
depends not only on the fie history of the target 
species but also on the life history of its prey. 
Thus, changes in size distributions of prey fish 
may bea sensitive indicator for risk of collapse in 
predatory fish (7), 
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Influence of Phylogeny on Fungal 
Community Assembly and 
Ecosystem Functioning 


Hafiz Maherali* and John N. Klironomos* 


Ecology seeks to explain species coexistence and its functional consequences, but experimental 
tests of mechanisms that simultaneously account for both processes are difficult. We used an 
‘experimental mycorrhizal plant system to test whether functional similarity among closely related 
species (phylogenetic conservatism) can drive community assembly and ecosystem functioning. 
Communities were constructed with the same number of fungal species, but after 1 year of growth, 
realized species richness was highest where the starting species were more distantly related to each 
‘other. Communities with high realized species richness also stimulated plant productivity more 
than those with low realized species richness. Our findings suggest that phylogenetic trait 
conservatism can promote coexistence because of reduced competition between distinct 
‘evolutionary lineages and enhance ecosystem function because of functional complementarity 


among those same lineages. 


Ithough it has long been recognized that 
collections of species, eoologists still sock 
to understand the processes that shape community 
assembly (7-4). One hypothesis that explains 
nonrandom species assemblages is that competi- 
tive interactions limit the long-term coexistence of 
species with similar fundamental niches (2, 5-7). 
closely related species share a fundamental niche 
(niche conservatism), competitive exclusion will 
‘cause communities to be made up of species that 
are phylogenetically overtispersed, oF more dis- 
tantly related to cach other than woukd be expected 
boy chance (2, 5, 8-10) This hypothesis is difficult 
to test directly because the spatial and temporal 
scales othe critical processes in plant and animal 
‘communities are typically too large for manipala- 
tion (77), Recent research indicates that the degree 
‘of phylogenetic dispersion varies across. com 
‘munities and depends on the level of phylogenetic 
relatedness within a particular community and the 
spatial scale of species interactions (3, /0, 12-14), 
However, this evidence is correlative rather than 
causative because most previous studies have 
been confined to comparative analyses of existing 
5, 16). In addition, the strength of 
‘aphylogenetic signal in the species assemblage of 
‘communities is often obscured by stochastic pro- 
cesses and dispersal limitations (8) 
Using. model mycortizal plant community, 
‘we experimentally detemnined whether commu- 
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nity assembly depends on the phykgenetic re- 
latedinexs of species. The model community con- 
sisted of sympatric arbuscular mycorrhizal 
fungi (AMF) growing on plant roots of Plantago 
Lanceolata (17) (Fig. 1). The arbuscular mycor- 
rhizal symbiosis is ideal for testing hypotheses 
about community assembly for two reasons. 
First, the small size and short generation time 
(of the organisms allow us to manipulate and ob- 
serve ecologically meaningful interactions in 
‘tractable experimental units on a short time scale. 
Second, most described AMF are confined to 
three distinct taxonomic families (Glomeraceae 
Acaulosporaceac, an Gigasporaccac) within 1Wo 
‘onders (Gomera and Diversisporales) (/8) 
which functional traits associated with spatial 
niche requirements are phylogenetically con- 
served (/9) (Fi. 2). For example, the majority 
‘of fingal biomass in the Gigasporaceae is found 
in the hyphae that are located outside the plant 
root (Fig. 2, A and B), In contrast, the majority of | 
fungal biomass in the Glomeraceae is found in 
hyphae growing inside the root (Fig. 2, A and B). 
The Acaulosporaceae form a thint distinct group, 
‘because species in this taxon produce low biomass 
inside and outside the root (Fig 2. A and B), 
Species from these major evolutionary lincages 
were sampled to fom experimental commu- 
nities. We manipulated the level of phylogenetic 
relatedness in the species pool by constructing 
‘communities sampled from all three AMF fami- 
lies (relatively overdispersed) or fromtwo or fewer 
families (relatively underdispersed) (Fig. 1). We 
predicted that species within each family were 
less likely to coexist with each other because of 
similar spatial niche requirements. In contrast, we 


expected that taxa from distinct lineages such as 
the Gigasporaccae and the Glomeraccae should 
coexist because they cach specialize on different 
spatial components of the rhizosphere, 

‘We found that community assembly depended 


ics, but after | year of growth, realized species 
richness was highest in these communities that 
‘were assembled using taxa from all three families 
8 compared 10 those communities assembled 
using taxa from two or fewer fimilies (Fig. 2C), 
Realized species richness after | year was 80% 
of the initial value in communities with repre= 
sentatives fom all three families. In contrast, 
communities made up largely of species from 
‘one family retained <40% of the initial species 
pool, Wealso found that realized species richness 
in phylogenctically oventispersed communities 
was similar regardless of the identity of the 
sampled species within each family (Fig, 20), 
result consistent with our expectation that there iy 
trait conservatism and therefore a dey of 
tional redundancy within cach AMF family (Fig, 
2, A and B, and table $1) (19). 

We also tested whether the level of phyloge- 
nictic dispersion in an AME community could be 
influenced by abiotic factors (7), IF the abiotic 
environment acts as a habitat filter, permitting, 
only those species with specifi tats oF ecolog- 
ical tolerances to co-occur (J, 2), then the con 
servatism for hyphal length and root colonization 
it AMF could produce communities that consist 
nly of species that are chsely related to each other, 
‘or phylogenetically undendispersed (2, 8-10). To 
determine whether this was the ease, we sampled 
species richness in the okd-fickd community from 
“which the species poot of AMF was derived (17). 
‘We found that the community had species from 
all three AME families, indicating that it was 
similar to our experimentally assembled species- 
rich communities (Fig. 2C), Thus, we conclude 
that the phylogenctically overdispensed experi 
mental AMF communities we assembled Were 
ecologically realistic. 

Because of trait, and therefore niche, con- 
servatism within the AMF (Fig. 2, A and B, and 
table S1)(/9), our results sugwest that the primary 
mechanism responsible for increased species 
richnes in phylogenetically overdispersed com- 
munities is competitive exclusion preventing 
closely related and functionally similar species 
fiom co-occurring (2). Our results are therefore 
consistent with life-history and niche-based deter- 
‘minants of community assembly (4) as opposed 
1 neutral models (20). Nevertheless, there is no 
lear consensus on the role of evolution in eon 
Aemporary community assembly, in part because 
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the degree of niche conservatism varies withthe 
functional traits of interest (2/) and the evolu- 
tionary and biogeographic history of a particular 
group (3). Ifniche conservatism is absent because 
natural selection favors ecological divers 
among closely related taxa, the community and 
ecosystem consequences of phylogenetic rela 
tionships could be weak (2, 3). However, ifniche 
‘conservatism is widespread (10. the pate 
tems we report here could occur in many com- 
munities, panicutarly in situations where species 
interact on fine spatial scales (24), 

‘Our results have implications for understand- 
ing the mechanistic basis of the retationship be- 
tween species richness and ecosystem functions 
such as productivity, nutrient eyeting and resist- 
ance 10 disturbance (25, 26) In particular, one 
mechanism that explains the positive relationship 
between species richness and ecosystem produc 
tivity is functional trait complementarity among 
co-occurring species (27), Although many ex 
Perimental studies have observed support for this 
mechanism (25, 26), these studies are open to the 
criticism that measured functional consequences 
are an arte designs in which 

nly assembled and 
ntained overtime (26, 28-31), For ex- 
cd productivity at high species 
richness cou! be caused by the ine 
ability that specieserich communitics will ran 
domly & n expecially proxluctive species 
(28,29), Moreover, the trait complementarity that 
rma on in an 
‘experimentally produced species-rich communi- 
ty may not be representative of that found in 
natural community if these traits do not als 
promote stable coexistence among the same 
species (31). Thus, tests of the mechanisms that 
regulate the relationship between biodiversity 
and eeosystem function require that community 
assembly in experimental units reflect realistic, 
nonrandom ecological processes (26, 30, 32). 

Gur community assembly results indicate that 
such a test és possible in the AMF-plant system 
because two fianctional traits that contribute 10 
‘enhanced plant productivity—protection from 
soil pathogens and increased plant uptake of nu- 
lrionts (33, 34) to be conserved within 


ns enhanced ecosystem 


along with traits. asso~ 


experim 
zation by the Glomeraceae in comparison with 
‘other AME families (Fig. 2A) is comelated with 
reduced root infection of 7 lanceolata by two 
‘common soil pathogens (Fig. 3, A and B), In 
contrast, the high evel of extraradical hyphal 
growth in the Gigasporaceae as compared with 
other AMF families (Fig. 2B) is comelated with 
‘enhanced P concentration in P. lanceolata shoots 
(Fig. 3C), If greater pathogen protection and en- 
hanced P uptake are complementary, then plant 
productivity could be stimulated to a greater de- 
gree when both Glomeniceae and Gignsporaceae 
are in the ynmunity. In contrast the low 
jon (Fig. 2A) and short hyphal 
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length (Fig. 2B) of the Acaulosporaccac may 
allow them to coexist with cither the Glomer- 
aceae or Gigasporaceae (Fig. 2C), but the low 
pathogen protection and low P-uptake capacity 


G wtarasees 
G. meroaggregatum 
G. mossone 
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associated with these traits (Fig. 3, A to C) sug- 
gest that the Acaulosporaceae will not comple 
‘ment the function of the other two AMF families 
in an ecosystem. 


Experimental Treatments 
ia aka ti 7 % & 


Fig. 1. Experimental design. Fungal taxa were assigned to each of the experimental treatments on the 
basts of their phylogenetically defined lineage. In treatments 1, 2, and 8, experimental units were con- 
structed with species from one fungal family; treatments 3 and 4 with species from two fungal families; 
treatments 5 to 7 with species from three fungal families; and treatment 9 with no fungi. 
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Fig. 2. Community assembly. The effect of different AME species on (A) percent of root colonization by 
‘AMIE (a measure of fungal growth inside the root) and (B) hyphal length (a measure of fungal growth 
‘outside the root). Each AMF species was grown in monoculture, but results are reported by fungal family 
(Giga, Gigasporaceae: Acau, Acaulosporacese; Glom, Glomeraceae). Results by species are reported in 
table S1 (27). (C) The effect of phylogenetic dispersion of the fungal species pool on community assembly. 
Treatments are identified in Fig. 1 (number 10 represents the field study). The horizontal dashed lines 


differences (P < 0.05) after an analysis of variance (ANOVA) and a Tukey post hoc test. 
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We assessed one ecosystem consequence of 
variation in AMF species richness by measuring 
plant productivity (iotal biomass of individual P 
Janeeolata) in each community assembly treat- 
ment(Fig. I)afler | year of growth, P lanceolata 
biomass was lowest in communities derived from 
phylog 
In fact, plant biomass did 
from that of nonmycorrhizal controls when grown 
with only a single AMF family (Fig. 3D). Plant 
biomass increased when the two putative 
plementary AMF families (Glomeraceae and 
Gigasporaccae) were present in the community 
(Fig, 3D), In contrast, plant biomass. was not 
stimulated by adding the third, putatively non- 
‘complementary AMF family (Acaulosporaccac) 
to the experimental units. Pkant biomass in com 
unites derived from native soil was. similar to 
that in the mest productive experimentally as- 
sembled fungal communities (Fig. 3D). Therefore 
‘our results also indicate thatthe effect of & natural 
ficklalerived AMF community on plant produc: 
ly similar to that found in the 
‘oventispersed AMF tre 
tary effect of the differes 
system function was also supported by a strong 
Positive relation between realized AMF species 
richness and plant productivity (Fig, 3E). 

Most experimental tests ofthe effects of spe 
cries richness on ecoyystem functioning rely on 
randomly assembling communities and then m 
taining the composition of that community over 
time (26, 40, 27), Because we allowed AMF com 


munities to develop through a realistic ecological 
process based on niche conservatism, we could 
climinate the role of artificially maintaining a 
high-diversity treatment (3/) in ates fora positive 
relation between biodiversity and ecosystem fime- 
tioning. Communities with high realized species 
richness only occurred when atleast two lineages 
‘of AMF were present in the starting species poo! 
(Fig. 2C). In addition, these communities con- 
tained the highest diversity of hyphal foraging 
capacity and pathogen protection, suggesting that 
enhanced plant productivity was caused by niche 
‘complementarity (35, 36). Therefore, our explicit 
consideration of phylogenetic trait conservatism 
strengthens empirical support for the hypothesis 
that a positive relationship between diversity and 
‘ecosystem function is caused by increased func- 
tional wait richness (25-27, 30, 31, 35). 

(Our results also stuggest that phylogenetic re- 
Fatediness can be a too for predicting which spe- 
cies losses are most likely to negatively acct 
‘ecosystem functioning. For example, when spe- 
cies from muhiple evolutionary lineages were re 
placed with an equal number of species from a 
volutionary lincage in experimental AMF 
‘communities, realized species richness 
ductivity declined. As a result, the functioning 
this AMF plant community is unlikely to be sens 
tive to species losses ffom within individual evo- 
lutionary lineages. However, the loss of 
Tineage coukl have strong negative ecological 
‘consequences. Our work therefore highlights the 
utility of information on phylogenetic relation- 
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Fig. 3. Ecosystem functioning. The effect of different AME species on (A) percent of root colonization by 

Fusarium oxysporum (FO) (root pathogen 1), (B) percent of root colonization by Pythium sp. (Psp) (root 

pathogen 2), and (C) foliar P concentration. Each AMF species was grown in monoculture, but results are 

reported by AME family. Results by species are reported in table S1 (17). (D) The effect of phylogenetic 

dispersion (AME family richness) and (E) realized AMF species richness on plant biomass (y = 0.91x + 


2345678 


).24; P= 0,001). The numbers next to the boxes represent the experimental treatments in 
(cle identified with number 10 represents the field study. Different letters above each bar in 


(9) to(D) represent statistically significant differences P < 0.05) after an ANOVA and a Tukey post hoc test. 
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ships within communities to prioritiae species 
‘conservation efforts aimed at maintaining impor 
tant ecosystem fumetions and services (37), 
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Nuclear Actin Regulates Dynamic 
Subcellular Localization and Activity 
of the SRF Cofactor MAL 


Maria K. Vartiainen,™* Sebastian Guettler,”* Banafshe Larijani,? Richard Treisman*t 


‘Actin, which is best known as a cytoskeletal component, also participates in the control of 
‘gene expression. We report a function of nuclear actin in the regulation of MAL, a coactivator 
of the transcription factor serum response factor (SRF). MAL, which binds monomeric actin, is 
‘cytoplasmic in many cells but accumulates in the nucleus upon serum-induced actin 
polymerization. MAL rapidly shuttles between cytoplasm and nucleus in unstimulated cells. Serum 
stimulation effectively blocks MAL nuclear export, which requires MAL-actin interaction. Nuclear 


‘MAL binds SRF target genes but remains inactive unless acti 


binding is disrupted. Fluorescence 


resonance energy transfer analysis demonstrates that the MAL-actin interaction responds to 
extracellular signals, Serum-induced signaling is thus communicated to nuclear actin to control a 


mall. guanosine 
binding proteins of the Rho family control 


“triphosphate (GTP) 


S 


sponse to 
leads to the 
(F-actin) through both 
de nove poly on with concon 

tion of cellar kvels of monomer 

In fibroblasts, Rho signaling regulates the sub- 
cellular localization and/or activity of MAL, 
actin-binding SRF coactivator (2-3). Experi 
imenks with actin-binding drugs or actin overex- 
pression have suggested that MAL activity 
responds to Geatctin conoentrations (4-6). Act 
binding drs have distnet effets on MAL. Serum- 
induced nuclear accumulation of MAL and SRF 


tracellular signals. Activation of Rho 
ion of filamentous actin 
stabilization and 
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for MAL nuclear it 


activity is inhibieed by latrunculin B (LatB), where 

as drugs such as cytochalasin D (CD), swinbolide 

A (SWA) & olide induce MAL nu- 

ation in the ab- 

ls (/, 4}. CD and SwA abso disrupt 
undo pecei 

tation assays (I, 6), 


interaction in 
fi 
but the role of 
has remained unch 

We fist tested whether interaction with actin 
ins MAL in the eytoplasn or controls its con: 
nous nuekcocytoplasmic shutting. In unstim- 


by its specific inhibitory drug. lepton 
(LMB) induced nuclear accumulation of MAL 
‘or MAL-ggreen fluorescent protein (GFP), and 
this required the B2 region of MAL, a putative 
nuclear impor signal (Fig. 1A and fig. St). This 
shows that MAL continuously transis through 
the nucleus and allows investigation of the 
ling requirements for its nucksar import 
the absence of export. LMB-induced nuckar 
‘cumulation of MAL, but not control proteins, was 
inhibited by the G-tctin-sequestering drug LatBE 
and coexpression of C3 transferase, which 
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imeversbly inactivates Rho, wik-type actin, and 
the nonpolymerizable actin Arg—Asp(R62D) 
‘mutant (5, 7)(Fig. 1B and fig. $2). Thus, Rhoand 
2ztn signaling control MAL nuclear impor 

LMB-induced MAL-GFP nuclear accumula- 
tion was rapid, being effectively complete within 
S$ min (Fig, 1C and fig, $3) and indicating that 
hhasal MAL nuclear export rates must be very 
high to maintain its eytoplasmic localization (see 
below). Even the maximum rate of serum 
induced MAL-GFP nuclear accumulation was 
Jess than this basal import rac, su 
inereased nuclear import is not th 
anism of MAL relcalization (Fig. 1C), CD and 
jasplakinolide, which activate SRF (4, induced 
MAL-GFP nuclear accumula ate com 
parable wo that of LMB (Fig. 1C and fig. $3) 

To analyze expom direily, we fused MAL to 
photoactivatable GFP (PAGEP) (8, 9), Fluores- 
cence was activated in the nucleus by focal plane- 
restricted muliphoton excitation (10), and its 
subsequent decay measured (Fig, 2A and fig 
‘SA In resting cell, export of MAL-PAGFP 
ceatremely rapid, with an apparcat 
2.90%! (probably 
10 excitation period is cony 
‘of nuclear luorescence), and LMB-s 
port was dramatically reduced aft 

*) and almost completly inhibited 
nduee MAL nuclear accumulation 
lading CD, SwA, 
and jasplakinolide, MAL-GFP remained naclear 
fir several hours afer serum stimulation 
naling, because 
cumulated in the eytoplasm upon Lat trestment 
ce afler serum removal, with an intial rate co 
parable wo that in serum-stimulated cells (Fig, 28 
and fig. SS). Thus, nuclear export rather than in 
port represents the major regulatory step in serum 
induced nuclear accumulation of MAL. 

We next studied the imeraction between 
recombinant MAL and purified actin, Gl fil 
tation resolved a complex with a relative molec 
ular mass of 252,000 and an apparent 
Soichiometry of 1:3 (Fig. 2C and figs. S6 and 
$57). Complex formation was insensitive to Lat 


able to the decay 


tive, Ex- 
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Fig. 1. MAL subcellular localization is 2 regulated dynamic system. (A) (Top) UMB treatment induces 
relocalization of endogenous MAL (red) and MAL-GFP (green) in a stable NIH3T3 cell in. (Bottom) MAL-GFP, 
with functional elements (2, 3) and RPEL motif (PFAM 02755) mutations (7) indicated. FCS, fetal calf serum. 


sport. Cyt, cytoplasmic; CIN, pancellular; Nuc, nuclear. (100 cells per point; n = 3 independent 
icate SEM). wt, wild type. (C) MAL rapidly accumulates in the nucleus (at least 12 cells per condition; error bars, SD). 
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but blocked by CD, SwA, or jasplakinolide. 
hly conserva positions 
motif with alanine (123- 
LA) greatly reduced 


Substitution of the hi 
1 or2 of each RPEL ( 
TA, 123-2A mutations, F 


$00 lig. S6 for firtcr iafortation) ocala ese 
stringent glutathione Saransferase (GST)-MAL 


mutations on MAL export with that of actin 
binding drugs. MAL-123-1A and MAL-123-2A, 
\which are nuclear in unstimulated cells, exhibited 
low export rates essentially identical to that of the 
wikl-type protein in the presence of drugs that 
disrupt actin binding (Figs. 2F and 3B and fig, 
$8). Actin overexpression did not alter the 
1A-GFP 


2E and 


pulldown assay (Fig, 2D and subcellular localization of MAL- 
that MAL-I23-2A exhibited somewhat greater but slightly increased its export rate in the FLIP 
residual alfinity for actin than MAL-123-LA did. assay, which was prevented by CD (Fi 

We used fluorescence loss in photobleaching fig. S8). Actin overexpression redistributed MAL- 


P) (8) to compare the effect of RPEL 


1232A tw the cytoplasm, consistent with its 


greater residual affinity for actin, precludi 
analysis by FLIP (fig S8). These data show th 
interaction with actin is required for Crml- 
<écpendent MAL nuclear export. 

Although it induced MAL nuclear accumula 
tion, LMB treatment activated neither an SRF 
reponter nor transcription of the MAL-<ependk 
SRF t 7, Corb. 


and fig. $9), suggest 
MAL interaction is required for nue 
activate SRF; the MAL-independent SRF target 
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2. Actin binding and nuclear export. (A) Serum stimulation de- 
creases MAL nuclear export rate. Decay kinetics of nuclear fluorescence 
after MAL-PAGFP nuclear photoactivation (>210 cells per condition; error 
bars, SD). (B) Nuclear accumulation of MAL-GFP requires continuous 
signaling. MAL-GFP localization after serum stimulation with or without 
additional serum washout and LatB treatment. h, hours. n = 3; error bars, 
SEM. (C) Sensitivity of a stable MAL-actin complex to actin-binding drugs 
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‘and RPEL mutations. RPEL domain was bound to G-actin, and apparent 
molecular masses analyzed by gel filtration. Note that SwA dimerizes 
actin, Further details are in figs. S6 and S7. (D) GST affinity precipitation 
analysis of MAL-actin interaction. WB, Western blot. GST baits are shown 
in fig. $7. (E) Nuclear export requires interaction with actin. Nuctear 
export rates of wild-type or mutant MAL-GFP proteins measured by FLIP 
assay, quantified as in (A) (Student's ¢ test, *P < 0.05). Error bars, SEM, 
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‘gene Egrl was unaflected. Consistent with thi 
CD potentiated activation of an SRF reporter by 
‘overexpression of MAL-NLS, which contains a 
heterologous nuclear import signal and is sub- 
ly nuctearlocalized, but not activation by 
the constitutively nuclear MAL-123-1 mutant, 
\which cannot bind actin (Fig. 3B and figs. SS and 
S10), MAL-NLS activity was also potentiated by 
nuclear co-expression of the wild-type MAL 
RPEL domain (MAL2-261-NLS) but not by 
121A deriv 
repressed by actin (Fig, 3B. and 
‘Consistent with these data, we previously found 
that NLS-actin expression. relocalizes MAL to 
the nucleus but represses SRF activity (/, 5), 
ogether these results show that actin, or an 
actin-dependent cofactor, can repress: MAL 
activity in the nucleus, This appears to occur at 
the level of gene activation rather than at DNA 
binding, because in chromatin immunoprecip- 
itation experiments LMB treatment induced a 
substantial specific inerease of MAL recruitment 
to its tanget genes Vel, Cyr6/, and Sr 
ble to that induced by CD or serum (Fi 
fig, S11), Nuclear actin might recruit repressors 
toactin- MAL-SRF complexes or prevent recruit 
ment of transcriptional cosctivators. Previous 
studies have implicated actin in transcriptional 


control through regulation of RNA. polymerases 
and chromatin-modification and -remodelling 
complexes (I/, 12). 

To gain dinect insight into actin-MAL ine 
teractions in cells, we exploited Muorescence 
resonance energy transfer (FRET), detected by 
fluorescence lifetime imaging (/3), MAL-GFP 
was used as donor, and Cy3labeled antisny 
recognizing co-expressed Mye-actin, as acceptor. 
Under the assay conditions, the SRF reporter 
‘gene remained regulated (fig. S12). In unstimu- 
lated cells, FRET was readily detectable between 
MAL and actin, indicating that they physically 
interact (Fig. 4 and fig. S13). Treatment with 
(CD reduced this interaction to background kev 
whereas LatB treatment increased it, consistent 
With biochemical and functional data (/, 6). In 
contrast, no FRET was detected between MAL- 
123-1A and actin, Scrum stimulation transiently 
reduced but did not abolish FRET between wild- 
type MAL and actin, which retumed 10 its 
prestimulation level by 30 min (Fig. 4B). Similar 
results were observed with a MAL-GFP deriva- 
tive lacking the B2 region, which remained 
cytoplasmic (Fig. 4B and fig. SI) In contrast, 
although LMB treatment induced MAL nuclear 
accumulation in unstimulated cells, it did not af- 
fect actin- MAL FRET, which could nevertheless 


A 400 r= 20 140 7 
i 
ns Biv wipes 120 (2ESt 
16) 
14] 100) 


REPORTS ie 


be reduced to background level by CD treatment 
(Fig. 4A and fig. S12). In LMB-pretreated cells, 
serum stimulation also transiently reduced but 
did not abolish nuclear actin MAL FRET, al- 
though recovery was slower than in untreated 
cells (Fig, 4B: sce below). Thus, even when MAL 
is amifically confined to the nucleus, aetin-MAL 
ieraction can respond to serum-induced signals, 
In serum-stimulated cells, the reduced but 
MAL FRET, detectable when 
MAL is entirely nuclear, must reflect generation 
‘ofa subpopulation of actin-free MAL or reduced 
actin-binding stoichiometry. tis likely that this 
reduced interaction at least initially reflects a rap- 
id drop in the availability of G-actin, because total 
cellular deoxyribonuclease I (DNasel) stainable 
actin exhibited a similarly rapid decrease, fol- 
lowed by a slower recovery to prestimulation 
level (Fig. 4C), Actin thus inieraets with MAL in 
both nucleus and cytoplasm, and serum-induced 
signals and actin-binding drugs change this 
ineraction in a way consistent with the func- 
tional data, Together, these data provide dinoet 
support for our proposal that MAL activation 
reflects reduced MAL~wetin interaction arising 
fiom depletion of the cellular G-actin poo! (7). 
We have demonstrated n reg 
MAL activity at three levels: nuclear impon, 
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Fig. 3. Nuclear actin represses MAL activity. (A) LMB-induced MAL 
‘nuclear accumulation does not activate transcription ofthe SRF reporter 
(left or endogenous SRF gene targets (right), measured by quantitative 
reverse transcription polymerase chain reaction (qRT-PCR). 0.3%, 
serum-starved cells; 15%, serum-starved cells, = 3; error bars, SEM. 
(B) Disruption of actin binding allows SRF activation by nuclear MAL 
<erivatives. (Lett) Localization of MAL derivatives in serum-starved cell. 
(Right) Activation of MAL-NLS by CD or overexpressed nuclear RPEL 
domain (261NLS) after 2-day starvation. (C) MAL nuclear accumulation 
allows association with target genes, measured by qPCR analysis of 
chromatin immunoprecipitates. 


‘error bars, SEM. 
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Fig. 4. MALinteracts with actin in both 
‘ytoplasm and nucleus. (A) Detection of 
‘MALactin interaction in vivo by FRET 
and FUM. FRET efficiencies shown as 


box-and-whisker plots with median 
(520 cell per condition; Mann-Whitney 
test, "P< 0,0005; **P < 0.005). (B) 
Serum stimulation transiently decreases 
median FRET efficiency (**P < 0.0005 
relative to previous point. (C) Serum 
stimulation transiently reduces DNAsel- 
stainable G-actin (n = 3; error bars, 
'$D).(D) Multiple roles for actin in MAL 
regulation. In unstimulated cells, high 
‘export rates ensure MAL is mainly cyto- 
plasmic, whereas nuclear actin prevents 
SRF activation. Upon stimulation, de- 
‘creased export induces nuclear MAL 
accumulation, and diminished interac- 
tion with actin allows SRF activation. 
Proteins are shown as monomers for 


simplicity, 


nuclear export, and activation of target gene 
transcription (Fig. 4D). Nuclear actin plays an 
especially important role in regulation of MAL 
focalization and activity, MAL shuttles continu- 
‘ously between eytoplasm and nucleus, even in 
unstimulated cells. Senum-induced signals pri- 
marily control MAL subcellular localization by 
reducing the rate of its nuckear export, which 
requires actin binding and Cnt. However, our 
preliminary data indicate that recombinant RPEL 
domain -Cim| interaction in vitro does not re- 
quire actin, Pethaps actin instead facilitates 
interaction of Crm1-MAL complexes. with 
nucleoporins (/4), Defective nuclear export might 
explain the ability of some actin mutants to in- 
duce MAL nuclear accumulation even though 
they bind MAL eflgetively (6). Actin overex- 
pression can also inhibit MAL nuckear import, 
perhaps by masking the B2 nuclear import signal, 
although this docs not appear to play a major 
‘point of regulation in the cells studied here. It 
remains to be seen whether actin enters or exits 
the nucleus while bound to MAL. 

(Our data siggest that there must be commu- 
nication between the cytoplasmic and nuclear 
actin pools. Other nuclear functions of actin may 
therefore be sensitive to extracellular signals. 
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AActin-profitin complexes. are subject 10 appat= 
cently constitutive export to the cytoplasm via 
ieraction with exportin 6 (/5), but the mecha- 
nisms of actin nuclear import remain obscure, 
and MAL itself may contribute. It will be inter- 
esting to assess how the dynamics of cyto 
pplasmic-nuclear shuttling of actin impinge on 
MAL subcellular localization and activity in 
ifferent cell types. 
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Quantitative Morphological Signatures 
Define Local Signaling Networks 
Regulating Cell Morphology 


Chris Bakal,2?*+ John Aach,’* George Church,” Norbert Perrimon*? 


Although classical genetic and biochemical approaches have identified hundreds of proteins that 
function in the dynamic remodeling of cell shape in response to upstream signals, there is currently 


little systems-level understanding of the organization and composi 


‘of signaling networks that 


regulate cell morphology. We have developed quantitative morphological profiling methods to 
systematically investigate the role of individual genes in the regulation of cell morphology in a 
fast, robust, and cost-efficient manner. We analyzed a compendium of quantitative morphological 


signatures and des 
protrusion, adhesion, and tension. 


‘orphogenesis commonly relies on 
MEE sot oor eta 
of distinct groups of genes acting in 
local signaling networks, The morphology of 
4 single cell also results from the spat 
temporally regulated activity of signaling 
proteins, For example, Rac-type guanosine 
triphosphatases (GTPases) promote the for- 
mation of protrusive famellipodia at the Kead- 
ing edge of motile cells, whereas. Rho-type 
GTPases promote cortical tension and cell re- 
at the rear of the cell through the 


activation of the actomyesin machinery (1). 
Both protrusive activity and ell body retrac- 
tion are tightly coupled to the assembly and 


disassembly of adhesive structures. through 
Rho signaling (2). Many signaling proteins 
must act both upstream and downstream of 
specific Rho GTPases in spatially distinct 
subcellular local networks to translate extra- 
ccllular signats to changes in GTPase activa- 
tion and ultimately in cellular morphology 
However, the components of these networks 
and the precise role they play in regulating cell 
shape remain largely unclear 

‘We performed a genetic sere of 249 gene- 
‘overexpression or double-stranded RNA (dsRNA) 
ticatment conditions (TCs) using the Drosophila 
BG-2 cell line to determine the roles of genes 
acting in local networks to contro distinct aspects 
‘of cell momphology. BG-2 cells are highly motile 
and exhibit many of the traits observed in mam- 
malian fibroblasts and epithetial cells, including 
the formation of integrin-hased adhesions, potar- 
ized lamellipodia, and coordinated retraction of 
the cell body (3, 4); but unlike many mammalian 
cell types, the growth of BO Is is not 
inhibited by contact with other cells. To analyze 
the morphologies of cells in each TC, we used 
protocol and image-processing techniques: de- 
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ibed the existence of local signaling networks that act to regulate cell 


ed to detect ear and complete boundaries of 
individual cells and to quantitatively analyze the 
shapes of these boundaries along with the in- 
tensitcs and textures of their interiors. Firs, we 
hastically labeled samples with green fluo- 
reseent protein (GEP) [supporting onfine material 
(SOM)] to enable individual cells to stand out in 
the crowded and overgrown samples, acquired 
images of these cells using conventional fuones- 
cence microscopy, and used software to identify 
the boundaries of individual cells (Fig. 1A and 
SOM). Although these techniques make lower 
numbers of cells per sample available 10 sub- 
sequent analysis as compared to other published 
methods (5, 6), we prefered them because they 
yiekled detailed, high-quality empirical bounda- 
ries instead of algorithmically determined approx 
mations. For each individual cell, we computed 
143 different quantitative features that reflected 
basic aspects of cell geometry, detailed aspects 
cellular protrusions, oF the distribution of GFP 
imensity within the cellular boundaries (Fig. 1B 
and SOM). Akogether we analyzed 12,601 
individual cells from our 249 TCs. 

To transform our 145 features into biologi- 
cally meaningfil morphological indicators. we 
trained a set of neural networks (NNs) 10 use 
informative subsets ofthe features to discriminate 
ls from particular reference TCs from sets of 
‘other reference TCs (Fig. 1D and SOM). We 
tangeted seven TCs for NN training bocause they 
‘produced phenotypes that were qualitativ 
tinetive and discemable from control cells (SOM), 
For example, overexpression of an N-terminally 
truncated form of the Rho guanine nucleotide 
exchange factor (RhoGEF) SIF (AN-SIF), the 
Dmwphila ortholog of mammalian Tiam. 
stimulates extensive lamellipodia formation, cell 
‘and a general loss of tension, dem 
2 appearance of the 
AN-SIF cells (Fig. 2)(7). After training a AN-SIF 
NN to distinguish AN-SIF cells from the cells of 
‘our six other target TCs, we appliod this NN to all 
12,601 cells in our data set to score each of them 
for this distinctive morphology (Fig. 1D). In ad- 
dition to AN-SIF, we trained NNs for TCs tated 


REPORTS. [ 


with overexpression constructs for RacV'12, 
RacF28L, RhoV14, RhoF30L, CG3799 tulle 
length, and AN-RhoGEF3. The seven TCs 
selected for NN training included several for 
‘which the underlying mechanisms responsible 
for their phenotypes are not understood, 

Finally, for each NN and TC, we calculated 
a NN Z score (NNZ), which is the var 
adjusted difference between the mean NN 
ofall cells in the TC and the mean NN score of | 
all cells in our data set. Each NNZ is thus an 
index of the momhology of an 
(Fig 1E). For example, for cells in which 
CGI0188 (a RhOGEF) was targeted by dsRNA, 
the NNZ for the AN-SIF NN was 0.76, which 
indicates that CGLOI88 dsRNA induces a mor- 
phology that is slightly more “AN-SIF like 
than an equal number of randomly chosen cells 
(which woukd have a NZ of 0). In contrast the 
NNZ for AN-SIF cells using the AN-SIF clissi- 
fier is 26.77, Together, the seven come 
puted for each TC constituted a quantitative 
‘morphological signature (QMS) of the TC 
(Fig. 1B), A QMS is thas a high-order represen 
tation of the morphology of cells in a TC as a 
vector of seven specific quantitative similarities 
and dissimilarities with seven panels of refer- 
caice cells with distinctive phenotypes, 

‘Two-dimensional hierarchical clustering 
(SOM) of 249 QMSs revealed that TCs, and in 
particular RNA interference (RNA) agains idl 
Vidual genes, fell into several distinct clu 
QMSs with similar qualitative phenotypes clus 
‘cred tightly together (Fig. 2). We define “pheno- 
clusters” as genes grouped a the highest node in 
the clustering for which the cluster distanc 
metric (an average of uncentered Pearson corre= 
lation coefficients) was greater than 0.80 an 
tenn this a “cluster distance cutoff” (CDC) (Fig, 
2)48). A value of 0:80 was chosen as the CDC 
because smaller cutofls resulted in groupings of 
visually diverse morphologies, whereas higher 
thresholds resulted in the segregation of visually 
similar momphologies into distinct cluster, 

‘A lange phenocluster was composed of TCs 
that chastred because their QMSs have high AN- 
RhoGEF3 NNZs (cluster 6). All cells in this 
luster were extremely round and had very few or 
‘io protrusions of any type (Fig. 2 and 
QMSs for / 90ROGAP, SCAR, slingshot, arma 
dlillo, ankyrin, Sop2, ad RhoGEF3 RNAi were 
clustered together, Moreover, we observed an 
csnrichment inthis cluster for RNA\ 
involved in Rap signaling (three of six genes in 
the data set). The finding that depletion of either 
AR, the cofilin phosphatase Slingshot, ot 
‘Sop2 resulted in defects in protrusion is consist- 
ent with the known function of these three pro- 
teins (4. 9-14). Get26 and its downstream target 
Rap! function in the formation of adherence 
junctions in Drosophila (15-17) and have recently 
been observed to be required for cell spreading 
and migration of Drosophila macrophages 18). In 
mammalian systems, pI90RhoGAP acts down- 
stream of integrins and adhesions to promote cll 
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spreading (9), Thus, our method successfully cluster did have some v 


‘ble, but poorly formed, 


identified to distinct but coupled signaling path- famellipodial protrusions (Fig. 2 and fig. $18). 


Ways that 


critical role in the re 


ate the formation of protrusions. dsRNAs 
We anticipate that Drosophila RhoGEF3 plays a specifically promote 
ation of adhesion, because — dia, and RhoF 


formation of lamellipo- 
po that 


overexpression of a N-terminally deleted form or cycles between GTP- and GDP-bound states) 


inhibition by dsRNA have similar QMSs, AN- may inhibitthis process. In support of this 1 


RhoGEF3 is not likely 1 be constitutively dsRNAs targeting rwinstar, cap ARC 
activated (20) but may promote cell round were part of this cluster, representing an enrich: 
acting in a dominant-negative manner toward — ment in genes that have been identified in pre 


A second phenocluster contained a 


nous RhoGEF3 signal 


lamellipodia 


TCs that co-clustered with RhoF30L and had the fact that kamellipodia formation occurs after 


high RhoF30L NNZs (cluster 8). These cells dif= the form: 
itatively from cells in the AN-RhoGEF3 filament nucleation, this s 


phenocluster by virtue of the fact that cells in this profiling can not only simul 


Fig. 1. Phenotypic pro- 
filing workflow, (A) Cul 
tured Drosophila 86-2 
cells were transfected with 
plasmids encoding GFP 
and ether cotransfected 
with plasmids encoding 
red fluorescent protein 
tagged proteins or incur 
bated in the presence of 
ASRNA for 4 days. kmages 
of GFP-abeled cells were 
acquired by standard fluo- 
rescence microscopy, and 
individual cell images with 
clear and complete bound 
aries. were selected with 
ustomdeveloped software 
(GOW), (B) Graphical rep- 
resentations of some of 
the features computed 
from each individual cell 
image (SOM). (©) 145 
different features relevant 
to cell morphology and 
GFP signal intensity were 
derived from individual 
cells and expressed a5 2 
scores relative to their 
values over a subset of 


A 


s that phenotypic 


Jy monitor the 


Cell Cuturing 


activity of coupled signaling pathways (within 
phenoclusters) but can also monitor the temporal 


hicrarchical relationships that exist among 
networks. 

st phenocluster was a group of TCs 
that shared high AN-SIF, RacV12, and RacF28L 
NNZ (cluster 18) and that comesponded to lange 


flat cells, typically with extensive lamellipodia 
Fi SIS), This phenotype is consistent 
With repeated observations of cells overexpress 
ing activated Rac mutant proteins or activated 
RacGEFs such as SIF or Tiam-1 (7, 21), QMSs 
for cenGIA, cenBIA, CG16728, and CG13602 
RNAi were membe 
resenting an enrichment in AATGAPs (lour of six 
genes), Mammalian ArfGAPs such as GIT and 
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coding for constitutive expression of GFP. (D) Individual cli Ciasstier Phenotypes 
were then scored with NNs trained to discriminate seven re: 

exence TCs with distinctive morphologies (SOM). (E) QNSs were r 

computed for each TC as seven dimensional vectors containing = ey . 
the NNZs of the individual cells in the TC (SOM). Cotte ° 
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directly binds moesin (25). Drosophila cenB1A results in the identification of local signaling 
based focal adhesions by binding the tyrosine- (the Drasophila ortholog of Be centaurin), networks with spatially, temporally, and func- 
phosphorylated form of Pasillin, which in tum — Gelsolin,and Moesin dsRNA were also members tionally defined characteristics that act in a 
resus in AHGTPase activation and a concomi- of same phenocluster as CGI6728 and puxillin, hierarchical manner 10 regulate cell shape: and 
tant down-regulation of Rac activity andadhesion further demonstrating that our methodology is migration. These methods can be used not only in 
tumover (22-24). In addition to AMTGAPS, this capable of identifying both functionally and the context of genetic sereens but also in lang. 
phenocluster also contain QMSs for dsRNAs physically coupled signaling components. Taken scale screens of small-molecule libraries. or 
targeting pusilin (fig, S18) and cactinin, and together, this suggests that the lange, fat, and screens involving the overexpression of DNAS. 
was defined by high levels of Rac activity (Fig. spread morphology of cells in this phenocluster Because our approach isa fast and cost-effective 
2), Based on this and sequence analysis, we thedisasembly of way to query the activity of multiple signaling 
suggest that CG16728 is the Drosophila ortholog adhesion and that QMSs can be used to proicins and pathways, quantitative mompholog 
anGIT AAGAPs. Proteomic analysis functionally annotate genes, ical profiling may also be useful 

sive mor- tol in the analysis of elinical samples, Fu 
ned — more, akin to gene-<xpression data, we can now 
norphological phenotypic data for computa 


GIT2 promote the disasse 


a diagnostic 


of mar 
has recently revealed that GITT is put of a We have demonstrated that qua 
al profiling of single cells con 
tic sereening technol 


supramolecular complex that, in addition to pho 
Paxillin, includes 2 centaurin and gelsolin and with RNAi-based 


Lametlipodia formation(25) 
‘Arc:p20, GEF64C, Tro, Twinstar, Kelch, Rab26, 
Rab35, Rab3-GAP, Graf, RhoGAP68F, CSN1a, 
RhoF20L overex 


RhoF30L_AN-RhoGEF3 dsRNA 


AN-SIF 


Concertina,Gi65A 


RacV12 


Cortical Tension 


Pebble, RacGAPSOC 


RacF28l 


GFP/wild-type cluster (24) 
‘Cdo42, Cdo42 Y32A overex, CG3799, Rhot, RhoGEF2, RhoGEF4 
€G3799 overex, RhoV14 overex 


Fig. 2. Identification of local networks that regulate distinct aspects of morphology. the clustergram. For some clusters, we describe prominent TCs, and the number of 
Hierarchical clustering ofthe genes in the dataset (the y axis) by howcels scored on TCs within these clusters i indicated in parentheses. Examples of individual cells and 
the ANSIF, AN-RhoGEF3, CG3799, RacF2BL, RacV'12, RhoF30L, and RhoV/14 NNs their postions inthe clustegram are shown onthe left hand side ofthe clustergram. 
(the x axis) is shown, We define phenoclustes of genes as clusters with 2 CDC >0.80, Based on their gene membership, 3 number of clusters were determined to have 
‘which results in 41. total clusters comprising 17 multigene clstess and 24 specialized roles in cell morphology. A complete listing of clusters is provided in 
singletons. All multigene clusters are identified in brackets onthe right-hand side of table SB, Scale bars, 10 yim. 
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tional approaches that aim to model the dynamic 
nature of signaling networks, while the RNAi 
‘component pushes us closer to causal mechanis- 
tic linkages. 
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Restriction of an Extinct Retrovirus by 
the Human TRIM5e. Antiviral Protein 


Shari M. Kaiser,*? Harmit S. Malik,” Michael Emerman®?* 


Primate genomes contain a large number of endogenous retroviruses and encode evolutionarily 
dynamic proteins that provide intrinsic immunity to retroviral infections, We report here the 
resurrection of the core protein of a 4-million-year-old endogenous virus from the chimpanzee genome 
‘and show that the human variant of the intrinsic immune protein TRIMSci can actively prevent infection 
by this virus. However, we suggest that selective changes that have occurred in the human lineage 


during the acquisition of resistance to 


virus, and perhaps similar viruses, may have left our species 


more susceptible to infection by human immunodeficiency virus type 1 (HIV-1). 


lange portion of primate genomes is 
omposed of endogenous retroviruses 
that ean be thought of as an archacolog- 


ical record of past infections. Both chimpanzee 
and gorilla genomes harbor more than 100 copies 
of Pan troglodytes endogenous. retrovirus 
(MERV 1), whereas it is absent from the human 
‘genome (1), Comparison of individual PERV 
proviruses in gorilla and chimpanzse genomes 
suggest that this vinus was active 3 t0 4 million 
‘years ago, after the separation of chimpanzee and 
inuman Tineayes (1). This raises an evolutionary 
conundrum as to why sister species, but not 
humans, acquired germline copies of this retro- 
Vinis even though all three species cohabited 
\when PLERV 1 was an active exogenous vinus (/) 
n of active restriction from 
tions is conferred by the TRIMSe 
protein, which binds directly to the incoming 
retroviral capsid (CA) core and targets its 
premature disassembly or destruction (2, 3) Each 
primate species encodes a TRIMSa with a 
Jiflerent antiviral specificity (4), For example, 
TRIMSa encoded by rhesus macaques renders 
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TRIMSa affords no such protection (5). Indeed, 
the antiviral specificity of TRIMSa has rapidly 
evolved by dramatic episodes of positive selec 
tion during the past 30 million years of primate 
evolution (6), The branch leading to the human 
lineage shows one of the strongest signatures of 
positive selection (6), which suggests that atleast 
‘one major pathogenic retroviral assailant has 
challenged the human lineage in the past 4 10 $ 
million years. Taken together, these findings 
suggest that TRIMSa evolution was shaped by 
a species-specific history of ancestral retroviral 
challenges. Although human TRIMSa has rela- 
tively poor activity agains retroviruses compared 
With the gene from other primates, it potently 
‘blocks a y-retrovirus N-MLV, which is related to 
PERV (7,8). We therefore tested the hypothesis 
that TRIMSc may have protected early humans 
from invasion by PRERVI 

All copies of PLERVI in the chimpanzce 
‘genome have been inactivated by accumulated 
detrimental mutations (/)- However, the numer- 
‘ous proviral copies of PERV present in the 
chimpanzee genome allow us 1o reconstruct the 
ancestral sequence of the gag gene of this an- 
cient, extinct retrovinas in silico (see supporting 
‘online material). Analysis of the reconstructed 
PIERVI ancestral scquence reveals about S0% 
identity with marine leukemia virus (MLV), and 
several characteristic conserved elements are in- 


uct (Fig. 1A), Phylogenetic analysis of chim 
pane and gorilla PRERV sequences shows that 
4 single-source vinus likely infected both chimpan- 
‘ees and. gorillas because viral sequences from 
bh species form a monophyletic group (Fig. 1B). 

We next used site-directed mutagenesis to 
reconstruct the ancestral pl2 and CA coding 
regions (ignoring synonymous changes) starting 
from one chimpanzee PIERV provirus cloned 
from the genome, We focused on CA because it 
is the functional target of TRIMSa and included 
pl2 because of functional interactions that exist 
between p12 and CA in other y-retrovinuses (9). 
Because TRIMSa interacts with the retov il 
CA only inthe multimeric structure characteristic 
‘of mature retroviral particles (/0), we generated 
the PIERV! capsid core in the context of an 
infectious virus capable of only a single round of | 
infection, This was achieved by constructing a 
chimeric virus between PIERVE and MLV that 
encodes a gaw/pol gene expressing the recon- 
structed pl2.and CA proteins of PERV! with the 
remainder of the viral structural proteins and 
‘enzymes of MLV (Fig. 1C), Our MLV/PERV1 
chimeric vinus was indced infectious (Fig. 1D), 
which demonstrates that regions of a 3+ 10 + 
million-year-okt primate endogenous retrovinis 
‘can be successfilly resurrect. 

We tested human TRIMSc restriction of 
PIERVI by infecting cells that express an 
exogenous copy of human TRIMSa, A much 
‘younger human endogenous etrovinus, HERV-K, 
‘was also recently resurrected (//, 12) but was not 
restricted by human TRIMSa (2). In contrast, 
expression of human TRIMSq in a heterologous 
cell type resulted in a dramatic reduction of 
infectivity of the MLV/PIERVI chimera by a 
factor of more than 100 compared with cells that 
do not express TRIMS« (Fig. 2A). These data 
indicate that humans possess an intrinsic imamu- 
nity gene capable of effectively neutralizing an 
extinct retrovirus that never suecessflly fixed 
imo the human genome. 

Specificity of TRIMS« for a particular retro- 
Viral capsid is largely determined by amino acids 
‘within the Ctemninal B302 domain this 
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ccapsid-interaction domain, a. particular “patch” 
contains amino acids under positive selection that 
contain the dominant determinants of speci 


(6, 13, 14), For example, the amino acid at posi- 
thin this patch is a critical determinant 
1 restriction (/3). Humans and chimpan- 


REPORTS q 


zees encode an arginine (R) residue at position 
332, whereas the hominoid ancestral residue 
this position & a ghatamine (Q). Reversing this 


Fig. 2. Reconstruction of PLERV1 p12 and CA and infectivity of PLERVI/ 
MLV chimeric virus. (A) An alignment of the p12 and CA sequences of 
the consensus PLERVI from chimpanzee (top line) and MLV (bottom line) 
is shown, A late domain (PPPY) characteristic for y retroviruses is in 
p12 and the Major Homology Region (MHR) conserved in all retroviruses 
is present in CA are indicated by shaded boxes, (B) An unrooted 
phylogenetic NJ tree was generated with nucleotide sequences of PLERVI 
(MA through PRO) from chimpanzee, thesus, and gorilla genomes. 
Branches are color coded: gorilla, orange; chimpanzee, blue; and rhesus, 
green. Fifteen amino acid changes were introduced into one extant copy 
f PLERV p12-CA from chimpanzees to generate the “ancestral” clone 
(fig. $1). The derived consensus sequence from chimpanzee is denoted by 
‘a black branch. The nucleotide consensus is slightly displaced from the 
node of the monophyletic clade containing chimp and gorilla sequences 
because synonymous changes were not introduced during the recon- 


Fig. 2. Human TRIMS« restricts 
PLERV2 and restriction maps to a single 
residue within the interaction domain. 
(A) TRIMSc cloned from human cDNA 
‘was stably transduced into feline CRFK 
‘ells, These human TRIMS«-expressing 
‘ells along with CRFK control cells were 
fected with a GFP-encoding PLERV1 
in a single-round infection assay. (B) 
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struction process. (C) Schematic representation of the chimeric virus 
between MLV and PLERVI is shown. The Gag-Pol expression vector used 
to make virus contains the MA, NC, and the entire POL coding sequence 
‘of MLV and the p12 and CA from PtERVI. Protease cleavage sites 
between MLV MA and PERV p12, as well as between PLERVI CA and 
MLV NC, were generated to match cleavage sites recognized by MLV 
protease. (D) Green fluorescent protein (GFP)-encoding virus was used to 
infect Crandell-Rees feline kidney (CRFK) cells with PtERV1 chimeric vi- 
rions. Fluorescence-activated cell sorting (FACS) plots of virus-challenged 
cells are shown. The y axis indicates cell size, and the x axis denotes GFP 
positivity, which is an indicator of transduction. The initial PLERVA clone 
‘used to reconstruct this consensus was tested in the chimeric context and 
was noninfectious (left). After 15 mutations were introduced to recon- 
struct the consensus p12 and CA sequence, infectious virus particles were 
‘generated (right). 
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Human TRIMS« with an R332Q muta- 
tion was generated and stably ex: 
pressed in CRFK cells. These cells, 
‘along with cells expressing wild-type 


o8ssess 


I 


“no TrimSa: human’ human 
TrimSa. TrimSa. 
3320 


‘no Trims human” human 
TrimSa TrimSa 
3320 


human TRIMScr, were used as targets for GFP-encoding PtERV1 or HIV-1. Infections were done in triplicate. 
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‘change (R332Q) had moderate effects on the abil 
ity of human TRIMSe to restrict MLV variants 
(fig, $2), Notably, changing the arginine wo the 
ancestral glutamine abolished the ability ofhumain 
TRIMSa to efficiently restrict PLERV | infoctivity 
(Fig. 2B), Unexpectedly, the R332Q mutation 
had the opposite effect on HIV-1, improving the 
ability of human TRIMSa to restrict this virus 
(5) (Fig. 2B). Thus, the R332Q mutation in 
human TRIMSe reveals a trade-off in TRIMSa’s 
ability to restrict two retroviruses; mutation that 
abolished restriction for PRERV results in a gain 
‘of restriction to other viruses such as HIV 

We tested the idea that restriction of PERV 
and HIV-1 by TRIMSa is mutually exclusive by 
cloning and testing a pane! of TRIMSa genes 
fiom other primates (Fig. 3, A and B). Indeed, 
wwe found no case where a primate encodes a 
TRIMSa capable of efficent restriction of both 
PUERVI and HIV-I (Fig. 3A). This is especially 
notable in TRIMSa fiom Ok! World monkeys 
‘where, for example, TRIMS« from baboons and 
Aiican green monkeys have fifty-fold restriction 
Of HIV-1 but negligible restriction of PERV, In 
contrast, that fiom sooty mangabeys has a fity~ 
fold restriction of PLERVI but negligible restric: 
tion of HIV-1 (Fig. 3A), The same effect, 
although less extreme, was seen in the hominoid 
TRIMS«r alleles, except in orangutan and gibbon, 
\Which are poor restrictors of both viruses. Thus, 
ring primate evolution, a gain of restriction for 
‘one Virus appears to have coincided with a loss 
‘of restriction against another virus, 

Although we cannot rule out the possibility 
that PIERVI never infected) human ancestors for 
‘other reasons (SOM Text, note 1), our data do 
‘suggest the possibilty that TRIMSce was fixed in 
human populations because of its ability to 
confer protection against PERV (Figs. 2 and 3) 


Fig. 3. Mutually exclusive restric- 
tion of PERV and HIV-1 by primate 
TRIMS, (A) Primate TRIMS«: genes 
were cloned, and hemagglutinin 
(HA-tagged cDNAs were stably 
‘expressed in CRFK cells. Each stable 
‘el Line was assayed for restriction 
by PIERVI or HIV-1 in a single 
round infection assay using GFP 
‘encoding viruses. Shown is a sche- 
matic representation of TRIMS 
protein domains. The sequence of 
‘amino acids (“patch”) within the 
1830.2 interaction domain that par- 
tially determines retroviral specificity 
is indicated for each primate tested, 
along with a cadogram of accepted 
primate phylogeny including the 
hominoid clade (top) and selected 
Old World monkeys (bottom). The 
asterisk indicates amino acid 332. 
Restrtion of PERV or HIV-1 is 
‘expressed as average fold restriction 
of three independent infections 


A 
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and that modem humans have descended from 
ancestors who resisted infection. Indeed, we 
know that there is very litle diversity in the 
human population today in the part of TRIMSa 
that determines antiviral specificity (6. 16, 17). 
However, we find that chimpanzee TRIMSa is 
also capable of restricting PERV! and encodes 
an R332 (Fig, 3), yet chimpanzees contain 
muhtiple copies of PERV! in their genome and 
‘humans do not. Moreover, we find that R332 is 
monomorphic in the TRIMSa allele in all four 
subspecies of chimpanzees and in bonobos, 
which indicates that R332 is evolutionarily 
conserved through the chimpanzee radiation (in 
the past 1 t9 2 million years). The most par 
simonious explanation for the presence of R332 
in humans and chimpanzees is that the muta- 
tion was fixed in our common ancestor, which 
‘presents a paradox because chimpanzee TRIMS 
did not protect them against PIERV I. This sug- 
gests that TRIMSa alone does not detemine 
retroviral invasion into the gemfine but that the 
combination of multiple retroviral restriction 
factors that are also rapidly evolving. such as the 
Apobec3 family (28), are necessary t0 explain 
ancient transmission events 

‘A sccond evolutionary scenario is that the 
human an chimp lineages independently fixed 
R332 atler the species diverged. We know that 
the amino acid at position 332 has indeal 
wanged independently in. many different. pri- 
mate lincages, even among very closely related 
species (6. /9). Moreover, at least two Old 
World monkey species harbor multiple alleles of 
TRIMSa that are polymorphic at position 332 
and are likely maintained by balancing selection 
(20), Given the intensity of positive selection 
acting on this position, the less. parsimonious 
explanation of independent fixation isnot un- 
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compared with a no-TRIMSc control. SDs were negligible. (B) Expression of each primate TRIMS« was 
similar, as detected by Western Blot analysis for the N-terminal HA-epitope tag. 
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likely. In this scenario, infections in the chim- 
panzee lineage subsequent 10 PIERVI could 
have driven the selection of R- 

Finally, our data show that resistance to 
PERV comes at a cost because it reduces 
resistance to other retrovituses, such as THIV-1, 
Although retroviruses similar to HIV=1 are also 
found in chimpanzees and in gorillas (27, 22), 
‘we do not yet know how the degre of antiviral 
activity conferred by TRIMSc relates 10 resist- 
ance or sensitivity 10 infection at the onganismal 
level. Nonetheless, our analyses demonstrate that 
selection for resistance fo one potential retroviral 
pathogen could render a host defense gene less 
capable of inhibiting another virus. We speculate 
that fixation of mutation in human TRIMSa, 
which could have protected early humans from 
‘vinises such as PLERV in our distant evolution- 
ary past, may be at least partially responsible for 
‘our curently poor resistance to HIV=1 
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An Antifungal Agent Inhibits an bass ete sey We Sy 
Less ekg ama Sd Ese CES. 


Aminoacyl-tRNA Synthetase by Thee rel sso that the ein pockst of 


2 a ‘Cde60p is the binding site for AN2690. 
Trapping tRNA in the Editing Site eee es ae 


LeuRS to hydrolyze mischarged iRNA“, Ad- 


Fernando L. Rock,"* Weimin Mao,** Anya Yaremchuk,”* Mikhail Tukalo,? dition of AN2690 to the posttransfer editing 
‘Thibaut Crépin,? Huchen Zhou,™* Yong-Kang Zhang,’ Vincent Hernandez,” assay inhibited the hydrolysis of HeaRNA“ in 
‘Tsutomu Akama,? Stephen }. Baker,” Jacob J. Plattner,? Lucy Shapiro, a dose-dependent manner (Fig. 1B), In addition, 


‘Susan A. Martinis,® Stephen J. Benkovic,’ Stephen Cusack,” M. R. K. Alley*t ‘we found that AN2690 inhibited (RNA amino- 


acylation (fig. S2A), and, as would be expected 
‘Aminoacyl-transfer RNA (tRNA) synthetases, which catalyze the attachment of the correct amino for a LeuRS inhibitor, it blocked protcin syn- 


acid to its corresponding tRNA during translation of the genetic code, are proven antimicrobial thesis in vivo (fig. 2B). Initial aminoacylation 
drug targets, We show that the broad-spectrum antifungal 5-fluoro-1,3-dihydro-1-hydroxy-2,1- ‘experiments also revealed that AN2690 required 
benzoxaborole (AN2690), in development for the treatment of onychomycosis, inhibits yeast the presence of tRNA for effective inhibition of 


‘cytoplasmic leucyl-tRNA synthetase by formation of a stable tRNA'"*-ANZ690 adduct in the editing aminoacylation activity. Kinctic analysis. of 
site of the enzyme, Adduct formation is mediated through the boron atom of AN2690 and the 2 saninoacylation inhibition showed that AN2690 
‘and 3'-oxygen atoms of tRNA’s 3'-terminal adenosine. The trapping of enzyme-bound tRNA‘ in acted as a noncompetitive inhibitor with respect 
the editing site prevents catalytic turnover, thus inhibiting synthesis of leucyl-tRNA‘ and to both adenosine triphosphate (ATP) and feu 
consequentially blocking protein synthesis. This result establishes the editing site as a bona fide cine (fig. $3, A and B), Analysis of the noncom- 
target for aminoacyl-tRNA synthetase inhibitors. petitive nature of AN2600 revealed that the 
inhibition constant (A) decreased on increas- 

minoacyHRNA. synthetases (AARSs) induced AN2690-resistant mutants in the yeast ing AN2690's incubation time with IRN. 
_Airrtrersiocatnit tending ie Schemes anise) Th may Cy, fet ang te anna 
genetic code by catalyzing the attach- $12-fold more re- reaction with ATP, When enzyme and tRNA 
ment of the its cognate sistant t» AN2600 than the parental S cerevisiae were incubated with AN2 he Ky 
action occurs strain (tabke S2), a was 314 20- 
in to steps: the formation of an enzyme-bound were Found to lic in the CDC60 gene, which en min incubation the Aj decreased t0 1.85 = 0.1 


eet amino acid {6 


amino Jer of this codes the cytoplasmic LeuRS (Cdc60p), Further-wM_ (fig. $3). To better understand this 
activated wre, all AN2690-resistant mutations mapped process. we measured inhibition of amino- 
sroup on the to the editing domain (Fig. 1A and table S2) acylation as a finetion of incubation time and 
accuracy of the (RNA aminoacylation reaction is and all but two, Cys — Anr* (C326R) and AN269 concentration (Fig. 2A), We found a 


critical to ensuring the fidelity ofthe genetic code Cys — Phe?™* (C326F) (8), to the two highly direct linear relationship between the observed 
Q) To achieve this aecuncy, many AARS en- conserved regions that form the editing active rates of inactivation (ky) anxd AN2690 concen- 
zymes possess.a prooficading (citing) mechanism site of LeuRS (9). Four mutations tie in the trations, with no apparent plateau even atthe 
that hydrolyzes RNAs aminoxcylated with the in- threonine-rich region, a loeus known in bacterial highest concentration tested (fig. S4), From 
commect amino acid (3). LeucyHRNA synthetase LeuR'S homologs to be involved in binding and these data, we deduced a rate of inactivation of 
(LeuRS) is a proofieading AARS, which pos- hydrolyzing mischarged 1RNAs (9-12). Seven the enzyme (Ajnscivatin) OF 0.66 © 0.10 mint 
sesses distinct synthetic (aminoacylation) and eit 

ing active sites separated by mone than 30 A (4, 5). A B 
-benzoxaborole (AN2600) inhibits LeuRS by an 


trapping RNA" in the editing ative sit t 

’AN2690 is a member of w new clus of = gts Se z" 
broad-spectrum ants Th 28 
zoxaboroles, which have an unusual cher “uemerir yo 
attribute: a boron atom (6). We isolate! sponta egon - 
neous and ethyl-«ethanesuldonate (EMS) Ep 

- a ae 

"Yvacr Phamaetias, Icrpoated, 1060 ft Meadow Pho 31 “ 
Ce, Plo ta, CA 94903, USA.“ furepean Menke Bok Eco x ° 
tony Laboonay, Grencbie Ousaton 6 te Ides Hort T™ cc OG! Mw ae me 
PIB, 38082 ceenble Cede 9, France. stte of Mo IG Cape 
lecular Bology and Genetics, National Academy of Science Regen agon Time (minutes) 


(WAS) of Usain, 252627 Kiev, 3143, Utaine. “School of 

Pharmacy, Shanghai jiao Tong Univesity, 800 Dongchwan Fig. 2. (A) S. cerevsioe AN2690 resistance mutations in the editing active site of Cdc60p (8). Align- 
Road, Shanghai 200240, China. "Department of Devdop- ment of the conserved regions of the LeuRS editing domains from S. cerevisiae (Sce) from 
mental Biology, Beckman Cente, Stanford University CAAQ7BES, Pyrococcus horikashii (Pho) from 058698, Escherichia coli (Eco) from AAC73743, and T. 
School of Medicine, Stanford, CA 94305, USA. “Oepar- thermophilus (Tth) from BAD69984. The amino acid substitutions that confer resistance in S. 


TBO 3730 USK beget of Chenery, Pemeyaer cerevisiae to ANZ690 are in black (table $2). (B) AN2690 inhibits posttransfer editing. Deacylation 


ta State Univesity, University Park, PA 16602, USA. of total brewer's yeast {RNA mischarged with isoleucine, no enzyme control (circles), enzyme control 
<ihece suthoe conned equal this ind. (squares), Cdc60p treated with 6 yA ANZ690 (triangles), and enzyme treated with 66 iM ANZ690 
{lo whom conespondence should be addressed, Emait: (asterisks). All reactions were performed in triplicate, and the mean values were plotted. The SD for 
dalley@anacor.com each point was less than 4%. 
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reactivation rate of 1.64 10% = 0.13 = 10% 
min’ (Fig. 2B), which comesponds to a half-life 
of 424 min. These kinetic properties are con- 


(fig. $5). Measurement of the rate of recovery 
demonstrated that AN2690's inactivation of 
(Cde60p was reversible, albeit with a very slow 


(0 250 500 750 1000 1250 1900 
Time (minutes) 


Fig. 2. (A) The rate of Cic60p inactivation by AN2690. The percentage of inhibition from different 
concentrations (3.3 iM (squares), 5 Mt (triangles), 6.6 Mt (asterisk), 9.9 4M (open diamonds), and 
16.5 4M (circles) of AN2690 were plotted versus the time of incubation. All reactions were performed 
in triplicate, and the mean values were plotted. (B) The recovery of Cd60p activity from ANZ690 inhibi- 
tion, All reactions were performed in tripicate, and the mean values were plotted. The data were fitted to a 
firstorder exponential decay. 


Fig. 3. ANZ690 forms an adduct with the terminal adenosine (A76) of tRNA‘ in the editing active site 
‘of LeuRS. (A) Overall structure of the complex of TZ. thermophilus LeuRS with tRNA‘ and ANZ690, 
showing the adenosine-AN2690 adduct (ball-and-stick model, ringed in red) in the editing site and 
leucine (pace-iling modeD in the synthetic ste. The editing domain is cyan; the catalytic domain, yellow, 
Zn domain, purple; the leucyl-specifc insertion domain, black; the anticodon-binding domain, red; the 
C-terminal domain, gold; zinc atoms, gray spheres; and tRNA, blue tube. (B) Unbiased difference map 
(2.85 A resolution) for the AMP-ANZ690 adduct in the editing site. (C) Diagram showing water molecules 
(dark blue spheres) and hydrogen bonds (green dotted lines) between editing site residues of LeuRS and 
the AMP-ANZ690 adduct (orange). Amino acid residues that are mutated in the S. cerevisioe ANZ690- 
resistant mutants are labeled and colored in purple (table $2). The atoms are colored accordingly: boron, 
mauve; fluorine, green; oxygen, red; nitrogen, light blue: carbon, yellow; and phosphate, purple. (D) 
‘Superposition of bound posttransfer editing substrate analog (Nva2AA, brown) (9) and the AMP-AN2690 
adduct (orange) obtained after superposing the Cr positions of the editing domain of each complex. 
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sistent with A characterized as a 
slow-tight-binding inhibitor. 

Equilibrium dialysis demonstrated that 
adenosine-containing ribonucleoides Were essen- 
tial for measurable binding of AN2690 10 
Cac6ip (fig. S6A), To determine more precisely 
the mae of action of AN2600, we obvained a 
35 A crystallographic smicture of Thermus 
thermophilus LeuRS complexed with RNA‘ 


difference density found in the edi 
'S7) was interpreted as a (RNA-AN2690 adduct 
\with the boron from the exaborols ring bound to 
the 23-hydxy groups on the ¥terminal 
adenosine (A76). A 1.85 A resolution structure 
of an adenosine monophosphate (AMP) 
AN2690 adduct bound in the editing site of 
LeuRS (Fig. 3B) confirmed this. tetrahedral 
spiroborate structure, whose configuration is 
stabilized by two hydrogen bonds to the 
conserved threonine-rich peptide and a water 
mokkeule (Fig, 3C), These results show that AMP 
can act as a surrogate for the ¥terminal 
adenosine of (RNA, as in our direct bindi 
asaiy, and that AN2690 occupies the non 


The adenosi 
the AMP-AN26 
{aid on the analogous groups of a px 
editing substrate analog, 2(L-norvaly}) 
2-leoxyadenosine (Nva2i 
site (9). the planar benzo 
‘only partially overlaps with the 
acid (Fig. 3D). In panicular, AN2690 has no 
‘equivalent of the amino acid amino group, and 
the absence of any associated strong interactions 
with the enzyme probably explains why the 
‘compound has very low alfinity for the editing 
site in the absence of AMP or (RNA. 
Because benzoxaboroles ean bind to the ¢ 
diols of sugars (73, 14), we tested the require- 
ment for adenosine’s 2 and ¥-hydroxy groups 
in AN2690 binding 1 Cdc60p and found that 
both hydroxy groups were required (fig. S6C%. 
This implies that AN2690 can only: fom an 


mino- 
) bound in the edit- 


Fig. 4. Boron and the oxaborole ring are re- 
‘quired for inhibition of aminoacylation. All reac 
tions were performed in triplicate, and the mean 
values were used to determine a median inhib- 
itory concentration (ICsq) with Prism 4 (27). 
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CELL SIGNALING: 
IN VIVO VERITAS 


Innovative and increasingly sophisticated technologies are allowing scientists 
to visualize signaling pathways and cellular interactions with finer detail than 
ever before. New types of fluorescent tags and novel chemistries, in conjunction 
with technological improvements in microscopes, are driving research forward at 
speed. Pausing for a moment, this article looks under the hood at the science 
behind the technology—from quantum dots to microendoscopy, and beyond. 
By Jeffrey M. Perkel 
“ i i 
magine trying to understand the rules of football by taking a single Two: piioton microscopy Is'a/remarkable 
photograph of a particular game at a specific moment in time, and 
comparing it with other photographs taken at other times, during 
different games. Because each game is unique, naturally, you 
would fail, 

Yet according to Jeff Lichtman, professor of molecular 
and cellular biology at Harvard University, this is precisely 
the strategy most biologists take as they try to understand 
dynamic cellular events. 

Consider cell shape, for instance, “If you see some 
object in different animals or different cells, the object has 
different shapes," he says. “That could mean that there 
are 20 different shapes, or it could mean that every object 
is constantly morphing. There's no way to know unless you 
watch the same object over time.” 

You have to sit in the bleachers for the whole game and 
study tapes of the play action, if you really want to understand 
the dynamics, he says. 

That's where in vivo imaging comes in. Tools are now available 
to image cellular events in living animals at levels from cellular to 
organismal—events that either were inaccessible, or simply did not occur, 
on fixed slides and tissue culture dishes. By observing cells in their natural 
environments, in living animals rather than fixed on slides, it becomes possible to 
watch as neurons extend and retract, signal transduction pathways fire, and tumors 
invade new tissues —all without having to worry about animal-to-animal variation. 


technique, a great technology, 
and for in vivo imaging of 
the brain, a perfect tool 


for the job.?? 


Two Photons Better Than One 

Lichtman’s lab focuses on how neural connections are established during 
development. Early in development, individual muscle cells are enervated by many 
neurons. But over time, most of these nerve fibers retract, until just one remains. 

To figure out how this happens, and which is the last neuron standing, Lichtman 
and his team have effectively taken to camping out in the molecular bleachers and 
watching as these events unfold. 

The two teams in this case are neurons, some yellow, and some blue—the 
result of mating mice that express either of two fluorescent protein variants. These 
colored cells are tagged as with team jerseys, Lichtman explains, and he can scan 
the nerve-muscle interface in the exposed tissue of an anesthetized, immobilized 
animal until he finds a blue and a yellow axon in close proximity. Then, he says."We 
look at the blue and yellow axon on one day, and look the next day, and keep doing Upcoming [ 
that until one of the two inputs disappears.” Microarray Technologies — August 24 

Lichtman’s lab records these processes using both confocal and two-photon iseaonnes 2 ORREETSS 
imaging. Confocal imaging uses a laser to sweep back and forth across a sample, 
and a small pinhole to block light emanating from above or below the plane of RNAi 2 — November 2 
focus. The result is a sharp image of a single, virtual slice of the specimen. The 
problems that as in-focus light exits the sample, it can get deflected by other cells inctusion of companies in this article does not indicate 
‘and cell components, and thus not reach the pinhole. Less and less emitted light endorsement by elther AAAS or Science, nor is t meant 0 
is visualized as depth increases, so confocal really is effective only for near-surface imply that their products or services are superior to those of 
imaging. other companies. 
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“Being able to go into the deep brain, 
where no microscope has ever been, 
period, and to make images with 

a resolution of even three 


micrometers is huge progress.” 


Two-photon microscopy eliminates the pinhole, relying instead on 
‘an optical trick to create virtual sections. Consider a fluorophore that 
normally fluoresces when stimulated by a single 4oo-nm photon. In 
two:photon microscopy, photons of light at half the energy and twice 
the wavelength—that is, at 800 nm—are directed in a cone-shaped 
beam toward the sample in intense bursts. These photons arrive so 
closely together that the fluorophore acts as ifit has captureda single 
400 nm photon, and so fluoresces. 

Only fluorophores in the focal plane (at the tip of the cone) will 
respond in this way, because that is where the density of photons is 
greatest. Those outside the focal plane, which are unlikely to capture 
two photons in time, remain silent, “That means you can look through 
very thick tissue and only see fluorescence from the point of focus,” 
Lichtman says, “It's a remarkable technique, a great technology, and 
for in vivo imaging of the brain, a perfect tool for the job.” 

Adding to two-photon’s appeal is the system's use of near- 
Infrared (NIR) laser excitation light (700-1.100 nm). Unlike shortwave 
illumination, NIR light passes through living tissues relatively 
unimpeded. As a result, the technique can be used to probe deep 
tissue, up to 600 microns or So. It also is less damaging than shorter 
‘wavelength light, and is thus compatible with longitudinal studies. 

“There's an awful lot of brain processing on the surface of the 
cortex,” says R. Clay Reid, professor of neurobiology at Harvard 
Medical School, “so there’s a lot of in vivo neuroscience that one can 
‘do and be limited to 600 microns.” 

An electrophysiologist by training, Reid says he has “a new lease 
‘onlife” thanks to two-photon microscopy and cell-permeable calcium 
indicators like Oregon Green, which he “spritzes” into the surface 
of the brain to light up neurons as they fire in response to different 
visual stimuli. 

“Electrophysiology is the gold standard for understanding how 
things work," Reid says, “but electrophysiology is one cell at a time 
or, with multiple electrodes, a small fraction of a circuit.” Now, “We 
‘can see and therefore record the activity of literally every single cell, 
‘and that’s the exciting part. We are never going to understand the 
brain one cell at a time.” 


Going Deeper 

All the major microscope manufacturers~ Nikon, Leica, Zeiss, and 
‘Olympus—address two-photon imaging in one way or another, 
providing either complete systems or the specialized optics needed 
to upgrade existing microscopes. 

Yet the technique’s power is generally restricted to those cells 
within 600 to 700 microns of the tissue surface at best. “Most of the 
mouse brain is out of reach ofa traditional two-photon microscope,” 
says Mark Schnitzer, a Stanford University researcher who has 
developed techniques using microendoscopic objective lenses as 
small as 350 microns in diameter to bring both one- and two-photon 
imaging deeper into the brain. 

Also delving deep into tissue is Olympus’ IV1oo intravital imaging 
system, which features slim MicroProbe “stick” lenses, 1.3- or 3.5- 
mm wide and mounted on a tilting scanhead, to enable deep tissue 
‘and internal organ laser-scanning imaging, at angles from +10 to +70 
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TO RED AND BEYOND 

When it comes to in vivo imaging, you need a dark box, and 
‘a good probe. Lots of companies can provide the box; some 
are listed in the main text. Others include Advanced Research 
Technologies’ eXplore Optix and LI-COR Biosciences’ 
Odyssey. 

Thanks to the work of Roger Tsien at the University of 
California at San Diego. among others, researchers have 
literally dozens of fluorescent proteins to play with. No 
fluorescent protein yet reaches into the near infrared, but a 
few, such as Tsien’s mPlum (emission maximum, 655 nm), and 
‘Clontech’s Living Colors HcRed1 (618 nm), come close. 

‘Several companies sell fluorescent imaging agents at or 
near the near-infrared, including LI-COR’s IRDyes, Invitrogen's 
‘AlexaFluor-based SAIMI (small animal in vitro imaging) kits and 
QDot nanocrystal reagents, and VisEn Medical's VivoTags and 
NanoSPARKS. 

‘Some companies also offer probes specifically for detecting 
signaling events. VisEn’s ProSense and MMPSense NIR sensors 
light up when cathepsin and matrix metalloproteinases are 
activated, respectively, for instance, while Immunochemistry 
Technology's SR-FLIVO probe marks apoptotic cells red. 


degrees, through a small incision. 

‘Mauna Kea Technologies in Paris, France, has commercialized its 
‘own deep-body laser-scanning system, the Cellvision-LAB, distributed 
by Leica Microsystems. Instead of glass lenses, “the objective of 
the [Cellvizio:LAB] microscope is a bundle of tens of thousands of 
I fibers,” says Sacha Loiseau, Mauna Kea's president and chief 
executive officer. About the thickness of three human hairs, this 
objective can be threaded through the animal to image just about 
anywhere in the body. 

Harvard's Reid, who used the Celivizio to recapitulate his two- 
photon workin portions of the brain that otherwise were inaccessible, 
says the system offers greater depth, but lacks the resolution and 
versatility of regular two-photon imaging. 

According to Loiseau, the resolution of the Cellvizio-LAB is 1 
microns or $0, about a fifth of the 0.2-micron theoretical resolution 
limit of traditional optical microscopes, 

“it's a tradeoff,” he says. “Being able to go into the deep brain, 
where no microscope has ever been, period, and to make images 
‘with a resolution of even three micrometers is huge progress.” 


‘The Wide-Angle View 
Still other companies offer a loftier, whole-animal view. 

Whole-animal optical imaging enables researchers to visualize 
light-emitting cells or processes (such as tumorigenesis) through 
the skin of living animals. One of the challenges, says William 
Mclaughlin, director of research and development at Molecular 
Imaging Systems, Carestream Health (previously an Eastman Kodak 
company), is making an imaging chamber that is dark enough, and 
with sufficiently low autofluorescence, that it becomes possible to 
keep a camera shutter open for minutes at a time while providing a 
range of excitation light and without creating significant background 
artifacts. 

Astronomy-grade, low-noise, cooled CCD cameras provided the 
solution to the other technical problem with whole-body imaging: 
having a camera with sufficiently low background to reliably detect. 
the faint light signals from within animals. 

Xenogen, now part of Caliper Life Sciences, has traditionally 
focused on whole-body bioluminescence imaging, though its newest 
entry in this area, the IVIS (in vivo imaging system) Spectrum, can 
also record fluorescent signals. 

In fluorescence imaging, a fluorophore—whether continued » 
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_In flow cytometry, 
every dot tells a story... 


The ImageStream’system 


‘Anaphase 


Metaphase 


Telophase 


Prophase 


For over 30 years, flow cytometry has been about the dots. But behind every dot is a cel 
rich in morphological complexity. Now, the ImageStream imaging flow cytometer from Amnis. 
makes this wealth of biological information directly accessible. By combining quantitative 
microscopy and the statistical power of flow cytometry in a single platform, the imageStream 
offers you completely new options for cell analysis. 


Study the intracellular distribution of markers, analyze interactions between cells, quan 


titate subtle morphologic changes in the cell and its structures, and much more. The 


range of applications is extensive, as is the growi 


ist of published science. 


While we can't guarantee that every experiment you do with the ImageStream system 


will turn into a publication, we do guarantee that when you analyze your cells on the 
ImageStream you will see more ~- and know more -- than you ever thought possible. 


To learn more, visit www.amnis.com or call 800-730-7147 toll-free in the US or +1 206-374-7000 outside the US. a 


ImageStream. Think outside the dot. 


What’s the quickest 
link to advances in 
the world of science? 


AAAS Advances—the 
free monthly e-newsletter 
exclusively for AAAS 
members. 


Each month, AAAS members keep up 
with the speed of science via a quick 
click on the newsletter Advances. 


Look for the next issue of Advances 
delivered to your inbox mid month. Look 
up archived issues at aaas.org/advances. 


Features include: 
* Aspecial message to members from 
‘Alan Leshner, AAAS CEO 


* Timely news on U.S. and international 
AAAS initiatives 

* Justteleased reports and publications 

+ Future workshops and meetings 

* Career-advancing information 

* AAAS members-only benefits 

All for AAAS members only. 


aaas.org/advances 
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MVAAAS 


an organic dye, quantum dot, or fluorescent protein—is irradiated 
with light of a specific wavelength, inducing it to emit light at a 
different wavelength, that is, to fluoresce. Bioluminescence imaging, 
in contrast, requires no excitation; the emitted light comes instead 
from the enzymatic turnover of exogenously introduced substrate 
molecules like luciferin. 

Where luminescence is basically monochromatic (though 
Promega, for instance, does offer two luciferase variants that differ 
in their substrate requirements and emission spectra), there exists a 
veritable palette of fluorescent proteins and fluorophores to enable 
multiplexed detection of different proteins or events simultaneously. 
Oftentimes, these colors can appear identical. That's the problem 
Cambridge Research & Instrumentation (CRI) addresses with its 
Nuorescence-based Maestro in vivo imaging system. 

‘Suppose you shine a red light and a green light on a wall, says 
James Mansfield, CR's director of multispectral imaging systems. 
“Where you only see red, it's red, where you only see green, it's green, 
‘and where they overlap they would appear yellow.” 

That yellow is different, however, from the color you would see if 
‘you also shined a yellow laser on the wall. “Both appear yellow to us, 
‘when spectrally they are very different.” 

Multispectral imaging allows researchers to distinguish such 
differences, which become important biologically when, say, 
trying to distinguish fluorescein (which glows green) from green 
fluorescent protein, or more important, from the tissue’s inherent 
autofluorescence, long the bugaboo of in vivo fluorescence imaging. 

Carestream Health brings yet another imaging modality to the 
table: Xray, 

According to Shahram Hejazi, president of Molecular Imaging 
Systems, Carestream Health, X-ray imaging provides anatomic 
landmarks so that the precise source of optical signals can be 
identified. "When you capture an optical image from inside an animal, 
there is no anatomical image in the background. You see a blip on a 
dark background, so you have no idea where it comes from.” 

By superimposing a high-resolution X-ray on that image, however, 
“you can see that the ‘blip’ is on the third joint in the finger, or 
between two vertebrae,” The company’s newest product is the Kodak 
In-Vivo Multispectral Imaging System FX, which combines optical 
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imaging with spectral unmixing, radioisotopic imaging, and digital X- 
ray imaging in a single instrument. 

Despite their differences, many whole-body systems image three- 
dimensional animals in two dimensions, like paper on a photocopier. 
But not all do. The Pan-A-See-Ya imaging system from Lightools, 
Research simultaneously images the top, left, and right sides of an 
animal under identical illumination and without moving the animal, 
while Visén Medical’s Fluorescence Molecular Tomography system 
Uses a raster-scanning excitation source to capture and render the 
‘animal's fluorescence signal in three dimensions. Xenogen also offers 
‘2 30 version of its VIS instrument, which reconstructs its image from 
eight individual bioluminescence or fluorescence frames, 


Imaging Signaling Events In Vivo 

According to Sam Gambhir, director of the Molecular Imaging 
Program at Stanford University, what distinguishes optical imaging 
from traditional medical imaging modalities like X-ray, PET (positron 
emission tomography), MRI (magnetic resonance imaging), and CT 
(computed tomography) is merely that part of the physical spectrum 
the systems tuned to hear. 

“When you have an X-ray, they shoot radiation through you to see 
how much comes out the other side,” Gambhir says. "So an X-ray is a 
map of density. That says nothing about what's going on in the cells 
in your lungs or bones. To do that you need a technology that lets you 
listen in on molecular events.” 

Gambhir has spent years developing sensors targeting such 
molecular events as protein-protein interactions, phosphorylation, 
‘and protein folding. 

“We have a toolbox that lets you go from the surface of the cell, to. 
pathways, into the nucleus, and we can monitor all of these in intact 
Cells while the cells are within living subjects,” he says. 

Signaling sensors cannot rely on antibodies, Gambhir says, 
because there isno easy wayto get antibodies into living cells. Instead, 
he relies on signaling event-mediated activation of otherwise silent 
biosensors. In one example, a functional, light-emitting protein is 
split in two, rendering it nonfunctional. “If those segments are fused 
to the two proteins you are interested in, the proteins are brought 
together and you reconstitute their ability to make light,” a procedure 
known as protein-assisted complementation, or PAC. 

Ryohei Yasuda, assistant professor of neurobiology at Duke 
University Medical Center in Ourham, North Carolina, uses another 
approach, called two-photon fluorescence lifetime imaging 
microscopy, to detect signaling events as synaptic connections 
change in thick, living tissue sections. 

Yasuda detects interactions between the signaling protein Ras 
‘and its interaction partners by coupling the molecules to different 
fluorescent proteins and using fluorescence lifetime measurements, 
to. monitor changes in fluorescence resonance energy transfer 
between them, Though he has not yet migrated this technique into 
living animals, Yasuda says he sees “no real barrier” to doing so. 

“All the techniques to do in vivo signaling imaging already exist,” 
he says, even if they mostly have only been used in vitro. 

The resulting data will surely provoke reevaluation of old 
‘assumptions, as Jan Schnitzer, Scientific Director of the Sidney 
Kimmel Cancer Center in San Diego, can attest. 

Using battery of in vivo and ex vivo techniques, Schnitzer and his 
team reported recently that caveolae—tiny membrane invaginations 
that play a role in endocytosis and macromolecular trafficking—are 
far more efficient at moving molecules across endothelia than 
previously recognized. It's an observation that could not have been 
made in cell culture, he says, and one that could transform the way 
drugs and imaging agents are delivered to patients. 

“That's why it's important to go in vivo,” he says. “In vivo veritas, 
‘and in medical technology, that's the only thing that matters.” 


Jeffrey Perkel isa freelance science writer based in Pocatello, Idaho. 
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In Vivo Imaging System 
‘The Kodak In-Vivo Imaging System FX Pro is designed for advanced multi-wavelength fluorescent, 
luminescent, radioisotopic, and X-ray imaging in life science research and drug discovery 
applications, New features include a state-of-the-art precision automated lens, selectable 
wavelength excitation and emission filter systems, and the capability of switching remotely among. 
optical, radioisotopic, and X-ray imaging modes without disturbing the samples or opening the 
imaging chamber. The system is capable of precisely recalling and replicating all imaging settings: 
from session to session for both in vio andin vitro molecular imaging applications. The precision 
automated lens system records the precise Fstop, 10X zoom, and focal plane parameters of 
each session, enabling reproducibility and traceability without time-consuming manual steps. 
The versatile system can image a wide variety of samples from small animals to gels, plates, 


andtissues. 
Carestream Health 


For information 877-747-4357 


www.kodak.com/go/molecular 


Living Cell Research 
The PALM DuplexDish 35 culture dishes, PALM DishHolder 35 with 
CapCheck, and PALM DishHolder 6/35 are accessories for the PALM 
MicroBeam system, a laser microdissection system capable of 
simultaneous visualization and microdissection under multichannel 
fluorescence illumination and extended focus. The accessories are 
designed to open the door to more flexible experiments in the isolation 
and micromanipulation of living cells. The DuplexDish 35 is a 35-mm 
diameter culture dish in which cells can be isolated, collected, and 
further cultivated with no need for an additional trypsinization step. 
The small diameter of the dish lessens reagent requirements. The base 
offers optimal gas exchange and exhibits low autofluorescence. For 
processing under the microscope, the culture dish is inserted in a holder 
‘on the microscope stage. An integrated aperture can be used to check 
the success of the specimen isolation. With the CapCheck function, after 
the microdissection is completed, the specimen can be examined in the 
‘cap without any need to remove the dish from the holder. The DishHolder 
{6/35 can accommodate up to six DuplexDish 35 culture dishes. It can be 
Inserted in the microscope, but also can be used for preparation under 
the clean bench. 

Zeiss 

For information 914-681-7627 

wwwrzeiss.com/micro-press 


Transporter Uptake Assay Kit 

The live cell Neurotransmitter Transporter Uptake Assay Kit offers 
researchers a single tool to screen for live cell kinetic uptake of the three 
key neurotransmitters—dopamine, norepinephrine, and serotonin—in a 
homogeneous, fluorescence-based, high throughput screening procedure 
that eliminates the use of radioactive tags or labels. The kit improves on 
‘current procedures that make use of radiolabeled neurotransmitter or 
transporter inhibitors, both of which require specialized instrumentation, 
detect only the assay endpoints, and are encumbered by the disposal 
of radioactive materials. This assay can be used in both kinetic and 
endpoint modes and is a simple, mixand-read protocol performed in 
936-well or 384-well microplates. Applications include high throughput 
screening and lead optimization. Neurotransmitter targets have become 
important pharmaceutical targets because of their key role in depression 
‘and neurodegenerative diseases. 

Molecular Devices 

For information 408-548-6013 


‘yoww.moleculardevices.com 


Controlled Light Exposure Microscopy 

Time-lapse studies of protein interactions can be undertaken without 
fear of cell degradation, death, or bleaching in Nikon confocal systems 
configured with controlled light exposure microscopy (CLEM). The 
prolonged cell viability that the system allows provides a new level of 
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abilty to observe dynamic events in living cells. Observation of cellular 
targets labeled witha fluorescent peptide can be captured with a dramatic 
reduction in damaging excitation light, reduced photobleaching, and 
enhanced cell survival. In contrast to conventional confocal microscopy, 
when CLEM is deployed, cellular exposure to laser light is determined 
‘on a per-pixel basis and excitation light is reduced through two unique 
The first of these ensures that if there is no signal, the 
itched off. The second detects whether there is sufficient 
signalto acquire an image, and illumination canbe stopped on this basis. 
Experimental imaging results indicate that under the standard operating 
conditions of point scanning laser-based confocal microscopes, the CLEM 
‘system can extend the imaging time of living cells bya factor of two. 
Nikon 
For information +44 (0) 207 861 3019 
‘wncnikon-instruments.com 


Cell Signaling Reagents 
Two additions to a line of cell signal transduction reagents —Phospho- 
(MAPKAPK-2 and Phospho-STAT3 kinase antibodies —are valuable for cell 
function research. These single-color flow cytometric reagents measure 
kinase activation in the cytoplasm, By measuring the phosphorylation 
‘of specific intracellular proteins, these reagents can aid in the study of 
surface-to-nucleus cell signal transduction pathways. The Phospho- 
[MAPKAPK2 marker is particularly useful in the study of pro-inflammatory 
mediator release, actin reorganization, and cell invasion mechanisms. 
The Phospho-STAT3 marker that translocates to the cell nucleus upon 
activation plays.a key role in many cellular processes such as cell growth 
‘and apoptosis. Flow cytometry is a unique tool for clinical research 
because it can quantitate activated signal transduction proteins wi 
individual cells. 

Beckman Coulter 

For information 714-993-8955 

‘wwrw.beckmancoulter.com 


Filter Sets for Fluorescent Proteins 

Fifteen new filter sets for fluorescent proteins are now available, 
including filter sets for Invtrogen’s Vivid colors, Clontect's Living Colors, 
‘and MBL's Coral Hues. Because live cell experiments are typically light 
starved, optimized filter sets must deliver high signal-to-noise ratio. 
These filter sets are manufactured using proprietary technology that 
produces steep slopes and accurate band placement, for maximizing 
‘excitation and emission energy and for minimizing background. With the 
addition of these new sets, Omega now has optimized sets for a total 
‘of 35 proteins, including proteins from the reef coral Anthozoa and the 
jeliyfish Aequoria victoria. 

Omega Optical 

For information 802-254-2690 

worwomegafilters.com 
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‘The University of Edinburgh is an excting, vibrant, research-| 
academic community offering opportunities to work wit 
leading Intemational academics whose visions are shaping 
tomorrow's world 


Research Group Leader 


The Welcome Trust Cente for Call Bilogy althe University of Esirburgh require oustanding young, 
sceists or indeperdert Research Group Lesder postions, st the lave of Carer Development Flows. 


The Cert is atttated with the Insitute of Cal Bciogy in the School of Biclogical Sciences and 
sequeped wih state-of-the at tacabes anc suntan for oa! bcogeal esearch, including cre 
Support microscopy, borformates ard protzames. Curert research stengis inthe Cane are 
inarees of chromosome ology (tromatn sructre, epsgeneics, and kinetochore funcionicheckpont), 
subceluar organisation (nacear envelope cfoskleton, and mic mechani) and RNA metabolism 
(RNA and PRIA processing), with an emphasis on model sysiems. We are particulary inerested 
fnew inesigators staying RNA metabotsm ard ako those using higher eukaryatc systems 
andor bechemical approaches to cel logy, but we encourage applications trom all areas, 

Most group leaders within the Welcome Trust Centre for Cel Biology are supported 
by independent research felowships, and you would be expected to secure such independent 
luncing win a year of armval kSealy. you should have between tree and ve years postdoctoral 
‘experience, making you edge to apply for five or sx year early carver felowships from the 
major UK funcing bodies, such as the Wetcome Trust 


Informal enquiries to chistne stritersded.ac uc 


Further infamston about the Cente can be found at wwnwebed.ac uk Further information about 
Welceme Trust Career Devsopmert Felwshps can be found at wawwelcome 2c ukinede?2120 aml 


Aoplications, containing a CV (including names of three academic referees) and a briet 
‘mcearch outine/proposal, should be sent to Professor Adrian Bird (Director, Wellcome Trust 
Centre for Cell Biology, University of Edinburgh, Michael Swann Building, The King's Buildings, 
Edinburgh EH9 34R. UK. Applications may also be sent ax Word (doc) or POF files by email 
to Protessor Bird's secretary, email christine struthersiBed.ac-uk You should ask your referees 
{to send letters of reference by the deadline, The deadine for applications Is 18 August 2007 
Interviews for short listed candidates ar kel to beheld in late September or early October 2007, 


CCommined to Equity and Drersty 


UCL institute of Nuclear Medicine 


Esperanca Chair of Radiochemistry 


This isa new Chair at the institute of Nuclear Medicine (NM) of UCL (University College 
London), established for the development of a molecular imaging programme based 
Cn radiolabelled Igands. A novel initiative aims to develop interfacuty links between 
‘Medicine and Chemical Biology at UCL ina programme of translational research, The 
Chair willbe housed within the Centre for Chemical Biology and will develop 
‘technologies for the investigation ofthe phenotype expression of disease, from the 
laboratory to man, using advanced PETCT and SPETCT imaging technologies. 
‘Significant opportunities have also arisen with the successful award of a 
Comprehensive Biomedical Research Centre arising from a collaborative partnership 
‘between University College London Hospitals (UCLH) and UCL. 

‘The Chai wil conceptually lead and develop the infrastructure and a team for the 
above programme. spanning the areas of oncology, cardiovascular and neurological 
appications. The ideal candidate will have an intemational reputation in 
radiopharmaceutical research, spanning the area from basic science to clinical 
applications, a proven record in obtaining grant support, and experience and or 
potential in running a muitiisciplinary team. Salary willbe negotiable on the 
professorial scale. 

Informal enquiries may be made to Professor Peter Et, Director, Institute of Nuclear 
Medicine, tel: +44 (0}207 631 1066, email: petecell@uch.nhs.uk, or Professor Stephen 
Caddick, Professor of Organic Chemisty and Chemical Biology, Department of 
Chemistry, tet +44 ()207 679 4694, email s.caddick@ucl.ac.uk. Further particulars 
‘and application details for the post can be obtained from Professor El 

We particularly welcome female applicants and those from an ethnic minority, as they 
are currently under-represented within UCL at this level 


Closing date: 31st August 2007. 
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CARDIFF 


UNIVERSITY 
PRIFYSGOL 


CERDYD 


5 Professorial and 
Lectureship Positions 


Cardiff School of Biosciences 


‘The School seeks to appoint up to 5 fuly tenured appointments within the 
full range from Lecturer to Profesor. 


‘We aim torecrut research actne staf of the highest cate that can 
contribute to the Schoo’ stategse ambitions and represert the Schoo! 
at rational and irtematonal research fora, We are soekng outstanding 
canddates working n areas of bosceence whose research complements 
and can integrate with the Schoo's man research areas. 


Research in the Schoo covers the ful range of acts in Biosciences 
from whole ecosystems through to protein structuretuncton and 
‘molecular bology. Research in the Schoo is focused pray the 

six a1e0s of Blodversty and Ecolngcal Processes, Conrectve Tasue 
Bology, Genetics, Marobiolog, Molecular Cel Blology and Neuroscience. 
Further details regarding these groups can be found at 
hupwnccandit.ac. Wbiosresearch 

The 2001 Research Assessment Exercise estatished Cars nthe 19p 

7 UK research universities. The Cardiff School of Biosciences offers an 
‘excelent research environment supported by state-of the-art facies that 
enables numerous cppertuntes for ntoriscphrary collaboration. 


The Schoo! has an outstanding reputation fr teaching ata levels and 
‘ined ‘excelent’ in all our submissions to TOA panels You wil ako be 
‘expected to contnbute to is aspect of our masion, 


Further dotalls of the Schoot's learning and teaching can be 
found at http:/www.cardit.2c.uk/bosiAVindex: html 


Salary: 


Professorial: Negotiable and nationally competitive within the 
Carditt Professorial range (Vacancy no. 394) 


Senior Lecturor: £40335 - £46758 per annum (Vacancy no. 408) 
Lecturer: £33799 - £39160 per annum (Vacancy no. 409) 


Informal enquiries can be made to the Head of School, Professor 
John Harwood (Harwood@earditt.ac.uk}, to the Joint Heads of 
Research, Professor Alan Clarke (ClarkaAR@eardiftac.uk) and 
Professor Kevin Fox (FoxKD @cardiff.ac.uk) of to the Head of 
‘Teaching, Professor Bemard Motham (Moxham@cardif.2c.uk). 


Please include full details of publications and research grant 
Income (as relevant) and an indication of your research plans. 
‘A covering letter of application, setting out personal carver 
‘aspirations and the post currently held by the applicant must 
be attached. 

‘To work for an employer that values and promotes equality 

of opportunity, visit www.cardift.ac.uk/jobs telephone 

+ 44 (0) 29 2087 4017 or email vacancies@eardiftac.uk 
{for an application form quoting the relevant vacancy number. 


Closing date: Friday, 13 July 2007 


BRITISH 
COUNCIL 


GO, Uk-7 


Whether you're moving to the UK, 
or here already, we can help you get 
the most from your research post. 


I you're finding accommodation, organising 
‘child care, or planning your next career move, 
Network UK can help you research all the things 
that'll make your stay in the UK feel just like home. 


Visit wwwbritishcouncil.org/eumobility or call 
+44 (0)161 957 7755 for personal assistance. 
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Gpaccelrys’ 
Cambridge UK + £Competitive + Bonus + Relocation 


Accelrys has been delnering scientific software and service 
solutions for over 20 years and our multi-disciplinary solutions 
span the research and development continuum. We now have 
opportunities for individuals to support our sales team to deve the 
{growth of Accelrys within Europe. 


‘APPLICATION SCIENTISTS - CHEMINFORMATICS, 
Promoting the use of our cheminformatics products, you will need a 
PhD or BSc degree in Chemistry, Computational Chemistry, 
CCheminformatics of Molecular Modaling and domain expertise in 
cheminformatics, HTS or HCS. Knowledge and familiarity with 
Accord, Pipeline Pilot, lis Host/Base, Isentris or Cambridgesoft tools 
is required. Technical knowledge in one or more ofthe following: 
Java, sp, Ajax, Oracle, Pl/Sal or scripting is highly desirable. Refi SC 


APPLICATION SCIENTISTS ~ LIFE SCIENCES 
‘Supporting our data pipelining sofware, Pipeline Pilot, you will 
need a PHD or BSc degree in Chemistry, Biology, Computational 
Biology/Chemsry, Bioinformatics or Molecular Modelling and a 
strong understanding of bioinformatics and computaboral 
chemistry/modeling tools and techniques. Technical knowledge in 
‘one ofthe following: Java, Per, UML XML or 
Una/Windows/Linux platform is highly desirable Ref SL 
All oles require indniduals wth exellent communication sills 
1 deer scientific and technical presentations to customers 
You willbe required to travel for upto 50% of yourtime 
‘To apply, please email your CV and covering letter, quoting 
the appropriate reference, to Nicola Anderson, European 
Recruiter, at: recruitment@accelrys.com_ 


swwwaccelrys.com — 


Science in the UK and Ireland 


Europe’s Wild West 


The UK and Ireland are both reaching for the benefits of a knowledge economy. The UK leads Europe's 
biotechnology scene, and Ireland's rapid economic trajectory through the 1990s has radically altered 
the research landscape thanks to large injections of cash. International companies’ search for research 
talent has intensified. Many have set up operations in the UK and Ireland where they tap into exper: 
tise from world-class universities, as well as opening their arms to researchers moving on from 
the competitive academic sector. By Helen Carmichael 


here’s no question that the UK fosters world-class science. The government's 
2004 10-year Science and Innovation Investment Framework set out a long. 
term vision for science and innovation, together with the ambition that pub- 
lic and private investment in R&D should reach 2.5 percent of GDP by 2014. 
Investment in infrastructure and funding for Ph.0.sis yielding results, although beyond 
Ph.D. level, obtaining funding and carving out a career still require determination. 


Staying at the Top 
Almost one in five of the world’s leading 100 medicines was developed in the UK, which 
has the largest biotechnology sector in Europe, Major pharmaceutical companies continue 
to invest in infrastructure and to develop links with the academic and biotech communities, It 
making the UK an attractive location for biomedical researchers to test their mettle. 
Regional bioscience initiatives abound. In Scotland, for example, six universities will invest £77.4 
million pooling their research excellence in the new Scottish Universities Life Sciences Alliance the Wild W 
(GULSA). Eighteen new research posts and 24 support posts will be created at the universities of 
Aberdeen, Dundee, Edinburgh, Glasgow, St. Andrews, and Strathely¢ 
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Retaining Talent, Seeding Discovery land grab of ne 


Cian Lynch is beginning postdoctoral research at the P53 Cancer Research Laboratory at the University 
of York, and has certainly embraced the frontier spirit in UK biomedical research. “It feels as though 
this is the Wild West and there's a massive land grab of new ideas.” Lynch hails from Ireland, where 
he studied biochemistry at University College Cork. “Everyone was advising me to go to the UK," he 
says. There were fewer opportunities in Ireland at the time, and he started out in Cambridge, UK, as a 
research assistant but was soon offered a Ph.O. opportunity at York 

Toward the end of his Ph.D., Lynch decided that industry was not for him. “I started looking at 
America: that's where people sometimes earn their stripes before they come back here.” Although he 
was tempted by a project in California, Lynch accepted an offer to stay in his lab at York, an indication 
that UK projects increasingly rival the allure of US opportunities. 

In addition to government and industry funding, charities contribute significantly to UK research. 
The Wellcome Trust supports basic human and animal health research at a level of around £500 mil 
lion each year. 

Seeding drug discovery is a new Wellcome Trust funding stream for early stage drug discovery, where 
it can be hard to attract funding from industry and government agencies. “We're very excited about this 
£91 million initiative,” says the Wellcome Trust's Director of Technology Transfer Ted Bianco. The initia 
tive covers unmet medical needs such as malaria and tuberculosis as well as orphan drugs and ideas 
that need a strong proof of concept. 

‘Around 3,300 researchers are supported by Medical Research Council (MRC)-funded programmes. 
In fiscal year 2005-2006 more than £50 million was spent training researchers in universities and Coreersin Chemistry — August 10 
hospitals, through 350 fellowships, 30 New Investigator Awards, and around 420 postdoctoral stu: 
dentships. Although funded by government, the MRC is independent in its choice of which research to 
support. 

Clusters of high tech industry can be found in the UK's university science parks. continued » 


UPCOMING FEATURES 


Postdoc Scientists 2: Survey — August 31 


Faculty Positions 2 — September 14 
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ON 
Science in the UK and Ireland 


“Our future prosperity rests 
more than ever before on the 
hard work and genius of 

our scientists and how 

we harness their research 

to deliver improvements 

in all our lives.” 

— Prime Minister Tony Blair 


Finland's Nokia has just unveiled plans to spend £40 million on a 
nanotechnology research center in Cambridge, a “nerve center” from 
which the next generation of mobile phone technology. including 
wearable electronics, will emerge. Mark Welland, who heads Cam: 
bridge University’s Nanoscience Centre, says Nokia is hiring Ph.D. 
and postdoctoral staff immediately, and is doubling the number of 
university-based Nokia projects. “Nokia does get involved in real 
collaborations," he says. “They can see opportunities amongst the 
other companies already active here, as well 
as the potential for spin-out companies to 
work with in future.” 

One UK infrastructure investment eagerly 
anticipated by the research community is 
the Diamond synchrotron light source, a new 
£260 million facility which opened its doors in 
February, Funded by the government and the 
Wellcome Trust, Diamond is the largest scien- 
tific facility built in the UK for 30 years. “Our 
future prosperity rests more than ever before 
on the hard work and genius of our scientists 
and how we harness their research to deliver 
improvements in all our lives,” Prime Minister 
Tony Blair said when touring the facility last 
November. “This is exactly what Diamond 
Light Source will help us achieve in many 
fields, from developing new drugs to tackling 
climate change.” 


Science Foundation In 
wornsfiie 


Getting Physical 

Although nanoscience that includes a bio ele- 
ment is extremely popular, academic career 
prospects in hard physics or nanoelectronics 
are more limited. Physics departments, in 
particular, are heavily dependent on public 
funds to support their research, according to 
Tajinder Panesor, manager of science policy 
at the Institute of Physics (OP). 

‘An IOP survey showed that less than 5 
percent of physics departments’ research 
income came from EU sources. Applying for 
European funding has involved a lot of red 
tape, a situation that should improve under 
the new European Seventh Framework Pro- 
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Bioindustry Association 
www bioindustry.org 


Diamond Light Source 
worw.diamond.ac.uk 


EPSRC 
worwepsrc.acuk 


institute of Physics 
‘werwiop. org, 


Nanoscience Centre Cambridge 
wwrw.nanoscience.cam.ac.uk 


Oxford University 
worw.careers.ox.ac.uk 


Research Councils UK 
worw.rcuk.ac.uk 


Royal Society of Chemistry 
WOMWUFSC.OFg 


STFC 
wowwsticacuk 


y College Dublin 
wevweucdi 


University of Southampton 
wwewesoton.ac.uk 


University of York 
wwevew yorkacuk 


Wellcome Trust 
wwrwwellcome.ac.uk 


gramme (FP7) —the world’s biggest single, publicly funded research 
effort and the main funding mechanism behind collaborative re- 
search and technological development in the EU. 

“Hopefully more physicists will apply for funds under the FP7 
themes.” says Panesor. Sean McWhinnie, science policy manager at 
the Royal Society of Chemistry (RSC), says FP7 is more specifically 
oriented toward chemistry, including nanotechnology, materials sci- 
ence, and energy, than the previous program, FP6. “I'm not going to 
deny that being bio oriented helps these days—but in FP7 there are 
more opportunities if you're prepared to look.” 

‘MeWhinnie adds that the level of support for university Ph.D. po- 
sitions, as envisioned in Ireland, is not mirrored in the UK. “Since 
[Prime Minister] Margaret Thatcher, technical staff have been ripped 
away.” McWhinnie believes, based on statistics from HESA (Higher 
Education Statistics Agency), that it is still relatively easy to get 
funding for a Ph.D. in chemistry, which has the largest Ph.D. output 
of any UK subject. 


Funding Woes 
The Department of Trade and Industry, which handles the public sci- 
‘ence budget, recently redirected £68 million 
from research council (state funding agency) 
budgets to nuclear power company British 
Energy and car firm MG Rover, to the dismay 
of the research community. 

The Engineering and Physical Sciences 
Research Council (EPSRO), for example, had 
to cut £29 million from its funding programs. 
“Decisions have inevitably impacted on the 
seed corn of the future: innovative research 
‘and young people at the start of their re- 
search careers,” said EPSRC’s Interim Chief 
Executive Randal Richards. The EPSRC de- 
cided to protect research studentships at 
the expense of research grants, and has 
thus been forced to reduce award grants by 
£14 million for 2007-2008, 

On a more bracing note, UK Chancellor 
Gordon Brown reaffirmed long-term support 
for UK science with a budget announcement 
that public science spending would rise to 
£6.3 billion by 2010 from today’s figure of 
£5 billion. 


Fellowships 

Postdoctoral research assistant positions 
generally involve the uncertainty of short- 
term contracts, a career phase that can last 
for up to 10 years before scientists obtain a 
permanent academic position. 

In the UK junior faculty positions (lec- 
tureships) are highly sought after and only 
achieved by a minority. “There are far more 
postdocs than lecturing posts available,” 
says McWhinnie of the RSC. continued » 


Each day we invest over $7.5 million in 
Research, Development and Manufacturing 


Research Scientists 
Physical or Analytical Chemistry; Chemical Engineering; Materials Science 
Cambridge, England 


Schlumberger is the world's leading supplier of technology and services to the oil and gas exploration and production industry and 
has an unwavering commitment to Research and Development. 

Our chemistry department is comprised of skilled scientists whose specialisation is analytical chemistry, synthetic chemistry, 
surface science and physical chemistry. By focusing on chemical reaction engineering as well as the development of new 
chemical measurements and interpretation techniques, we aim to understand and exploit chemical means of measuring, 
optimising and controlling reservoir and wellbore processes. The work will be varied and multi-disciplinary in nature and strong 
communication skills and the ability to work within teams is important. You will have a Ph.D. in the field of experimental science 
or engineering and experience in the development of experimental apparatus and instrumentation would be an advantage. 

You must also be fluentin spoken and written English. 


Several exciting opportunities exist and you will initially find yourself contributing in one of the following areas 

‘* Membrane/Separation Technologist: Being part of a team developing the next generation of sensors for deployment in the 
hostile conditions found inside reservoirs, aiding the exploration and development of hydrocarbon reservoirs. The work involves 
developing experiments to probe the fundamentals of mass transfer, phase behaviour and material properties as we develop 
prototype sensors. 

‘+ HTHP Experimentalist: Collaborating with different research programs to investigate organic and inorganic chemical reaction 
pathways and kinetics. Main responsibilities will be to develop experimental equipment and methods and study chemical 
reactions at high temperatures and pressures (reservoir conditions). 

‘+ NMR Spectroscopist: Investigating the chemistry of high performance materials and characterise reaction products. You should 
have good synthetic chemistry skills to complement your substantial NMR expertise. We are particularly interested in hearing 
from individuals with solid state NMR, multi-component NMR, pulse sequence design, and NMR protocol design experience. 

+ Material Scientist: Identifying and investigating chemicals and materials applicable at high temperature, in corrosive brines that 
maintain their characteristics for prolonged periods. You will have significant experience investigating and enhancing 
the chemistry of materials, 


To apply, please send a detailed CV to Emily Horwich at recruiting@cambridge. oilfield sib.com quoting “Chem. RS” in the 


subject line. Closing date 30th September 2007. 


‘Schlumberger is an Equal Opportunities Employer 
com/careers Success without boundaries 


“We were net exporters of researchers a few years 
ago, but that’s changed now and we're bringing 
people back into the country.” 

Desmond Fitzgerald 


“A postdoc may be seen as a way of widening your experience or 
‘an opportunity to travel. But it isn't a ticket to a lectureship.” The 
government's Academic Fellowships programme gives research- 
ers a leg up with up to one thousand funded university positions 
‘worth £25,000 annually for five years, The fellowships offer a more 
attractive and stable path into academia, with the added bonus of a 
permanent academic position after the five years is up. Universities 
or other sources, such as a Research Council grant or a fellowship 
awarded by another sponsor, supplement the funding. 

Fellowships are also available through the new Science and Tech: 
nology Facilities Council, launched in April and having a budget of 
~£500 million. With a physical science remit, it was formed from 
the merger of the Council for the Central Laboratory of the Research 
Councils (CCLRC) and the Particle Physics and Astronomy Research 
Council (PPARC). “We have a huge opportunity to develop a really 
coherent strategy for ‘big science,’ to increase our influence in inter- 
national organizations and make a step change in the exploitation of 
the resulting technology,” said professor Keith Mason, the council's, 
new chief executive officer, 


Ireland's Influx 

Tourists have always looked to Ireland for its warm welcome and 
beautiful scenery. Today Ireland is also greeting an influx of scien 
tists and major multinational companies, keen to take part in one of 
Europe's biggest economic success stories. 

Ireland initiated the largest investment in scientific research and 
engineering in its history in 2000 by founding Science Foundation 
Ireland (SFI), a major step toward joining the knowledge-based 
economy set out in the Lisbon Agenda. 

{As part of its National R&D action plan, Ireland aims to invest 2.5 
percent of GNP on R&D by 2010, with two-thirds contributed by in- 
dustry. Recruiting the best research talent from around the world re- 
mains a challenge, although Ireland's profile as a research location 
has been noted by major investors such as Wyeth, Bell Laboratories, 
‘and IBM, all of which have established research facilities there. 

Gary Crawley heads SFI’s frontiers engineering and science direc- 
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torate, and says that the strategy to lure information and communi 
cations technology (ICT) and biopharmaceutical companies to Ire- 
land has paid off. “Now we're encouraging those same international 
‘companies to engage in research in Ireland. A number of those, such 
‘as IBM and Intel, are contributing to large center grants run by SFI.” 
Collaborations typically include an industry cash contribution of 20 
percent, and providing scientists to work with university-based par- 
ticipants, 

Professor Desmond Fitzgerald, vice president for research at Uni- 
versity College Dublin (UCD), cites Intel as a prime example. “Intel 
has just announced a major R&D program, part of which is with the 
universities,” Fitzgerald says. 

Ireland's inward investment body, the Industrial Development 
Agency (IDA), supported 54 R&D investment projects in 2006 involv- 
ing.a total of almost €470 million. According to the IDA, employment 
in 1DA-supported companies increased by 3,795 in 2006, bringing 
the total employment to 135,487. 

IBM was one of the first multinational companies to invest in 
Ireland 50 years ago. The company’s latest investment is an expan: 
sion of its 18M Tivoli software development labs in Cork and Galway, 
where it will create up to 130 new positions over three years, Mean- 
while, indigenous Irish ICT company Silicon and Software Systems is 
to create 20 new R&D roles in Dublin and Cork. 

GlaxoSmithKline employs over 1,600 people at four sites in Ire- 
land, and has now announced a five-year investment of €250 mil- 
lion in a production site expansion at Currabinny, County Cork, for 
its breast cancer treatment Tykerb. The move will create up to 150 
high level jobs. 

California biopharmaceutical company Gilead Sciences has re- 
cently announced that it will invest €60 million in a new pharmaceu- 
tical plant at Grange Castle Business Park near Dublin. The company 
has outgrown its existing Irish facility at Sandyford, Gilead will join 
Wyeth, the fastest growing biotechnology company in Europe, which 
has located one of the world’s largest integrated biotech produc: 
tion facilities at Grange Castle, The investment had contin 


Tips for Success 


Denise Best, careers adviser for postgraduate research 
students at Oxford University Careers Service, says that 
although there's a feeling that doing a postdoc in an- 
‘other country helps your career, nothing beats getting 
‘a few decent publications under your belt and work- 
ing in a research group with a good reputation. “Actually 
learning something about project management might help 
you become more efficient in your research and give you 


more time to spend on getting published.” She also recom- 
mends workshops on writing to improve one’s chances with 
grants and publications, Oxford’s Skills Portal website (www. 
skillsportal.oxac.uk) keeps campus researchers abreast of 
the development opportunities on offer, and most universi- 


ties are putting money into improving training for Ph. 
“Determination and focus are key elements to success in re- 
search,” she says. 


2 price tag of almost $2 billion and made Wyeth Ireland's largest 
pharmaceutical employer. 

Brian Fitzpatrick, associate director for analytical sciences at the 
site, joined Wyeth after working at a small clinical trials company. 
Wyeth took him to the US and UK for training before Fitzpatrick 
implemented what he had learned at Grange Castle. Fitzpatrick’s 
enthusiasm for working in an industry team is palpable: “Youre 
engaged with the academic community and you have hands-on op- 
portunity to shape processes and molecules.” 

itzpatrick has seen the biotech scene change dramatically in less 
than a decade. "Grange Castle was the first mammalian cell culture 
facility in treland, 50 previously there weren't really a huge volume 
of opportunities.” Back then, all of his postgraduate lab colleagues 
traveled overseas to seek out opportunities. “I think the horizon in 
Ireland is very different now. We've gone from being a small-mole- 
cule center to having a biotech focus —six years ago there was none 
of that.” Now, researchers can take their pick: “For people with good 
degrees and experience there are limitless opportunities,” says 
Fitzpatrick. 

However, the country’s Strategy for Science, Technology and In- 
novation 2006-2013 document admits that Ireland's foundations 
are weak compared with other leading nations like Sweden or the 
US. Ireland is starting froma much smaller research base than many 
European countries, “t's difficult to invest too quickly in science, be- 
cause you waste money that way,” says Crawley. “You really need to 
build infrastructure, and people who can carry out the research, and 
that all takes time.” 

To further its scientific ambitions, Ireland wants to boost the 
number of people with advanced science and engineering qualifi- 
cations, and develop its international profile as a world class R&D 
location. Research funding in Ireland has more than doubled in Five 
years to exceed €680 million in 2005, SFI has specifically targeted 
high-level researchers in a number ofits funding programs. 


Skills Boomerang, 

In previous years, emigration was often the first step on the Irish 
researcher's career ladder. “Twenty-five years ago many Irish people 
with good skills had to leave because of the lack of jobs.” Crawley 
explains. “In some ways that’s turning out to be an advantage, be- 
cause a number of people would like to come back, including senior 
professors.” 

SFI has Research Professor Recruitment Awards that include a 
startup package of up to €1 million. “In the US, if you were trying to 
recruit even a junior person you might have to pay as much as half a 
million or a million dollars as a startup fund. We are going to step in 
and help Irish universities attract really top class people from outside 
Ireland with these grants,” Crawley continues. Around 50 percent of 
SFI’s funding goes to non-Irish researchers or researchers returning, 
to Ireland from abroad. SFI has also just launched the new Stokes 
Professorships and Lectureships to attract faculty from outside Ire- 
land. These are available for biomedical science, ICT, and mathemat- 
ics, Fitagerald has witnessed the tide begin to turn: “We were net 
exporters of researchers a few years ago, but that’s changed now 
and we'te bringing people back into the country.” 

Jointly funded research studentships for industry-relevant re- 
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“You really need to 
build infrastructure, and 
people who can carry 
out the research, and 
that all takes time.” 
—Gary Crawley 


search have grown rapidly, helped by a strong Irish tradition of 
doctoral training funded by or for industry. Examples are the Irish 
Research Council's Embark Cooperative Awards and SFI Centres for 
Science Engineering and Technology (CSET). The latter help to fund 
partnerships across academe and industry to aid new and existing 
Irish-based technology companies with grants of €1 million to €5 
million each year for five years. 

Part of the Irish strategy to double its output of Ph.Ds includes 
the funding of supporting roles in research teams. There are plans to 
add 350 principal investigator positions and 1,050 postdoctoral re- 
searchers by 2013 as well as increasing the pool of research assist: 
ants and technicians, This move has considerable support, and will 
arguably make Ireland an attractive location to undertake a Ph.D. 

Historical deficits in infrastructure are being remedied by invest- 
ment in state-of-the-art facilities, Major initiatives include the Na- 
tional Institute for Bioprocessing Research and Training (NIBRT). 
Construction is under way at University College Dublin's Belfield 
‘campus and should be completed by 2008, with a strong focus on 
applied research. The university will also be home to the National 
Digital Research Centre (NDRC). Appropriate space and technology 
are a challenge everywhere, Fitzgerald says. “But we have a lot of 
catching up to do to be on a par with top universities in Europe and 
the US.’ 


Keeping Your Options Open 

What academic communities in both the UK and Ireland have in 
common is a wide range of opportunities for postgraduate and post: 
doctoral researchers, but a limited number of academic positions to 
move into, “Those young people have to realize and look at career 
paths outside of academia—only a small fraction of them will finish 
up doing research in universities,” says Crawley. 

Good quality industry researchers are in demand, especially those 
with a flexible outlook and good interpersonal skills. Tony Bradshaw 
from the Bioindustries Association says that pharmaceutical devel- 
‘opment is just one sector where there are fantastic opportunities 
and a shortage of applicants. But he thinks the smartest UK appli- 
cants should consider openings in academia as well as biotech and 
pharma. “You'd be really competitive if you could work in all three at 
some point in your career. There are roles to play at that interface.” 

Can Lynch see himself in academia for the long haul? “You have 
to—there’s no point staying in academia unless you think you can 
get funding and run your own lab.” Lynch is undeterred by a future 
at the thin end of the academic wedge. “Sequencing the human ge- 
nome—that was only the first version and it was like planting a flag 
on the moon, There's just so much more to do.” 

Helen Carmichael isa freelance writer living in Dorset, UK. 
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International Careers Report: Germany 


Whether recruiting, creating awareness, 
repositioning your organisation, or promoting your 
products and services, don’t miss the opportunity 
to be seen in this issue 


Booking Deadline: 
4 September 2007 


Contacts: 
Tracy Holmes, Alex Palmer, 
or Marium Hudda 
ads@science-int.co.uk 
+44 (0) 1223 326 500 


The World Association of 
Zoos and Aquariums 


Executive Director 


Attractive salary plus relocation 

The World Association of Zoos and Aquariums isthe “umbrella” organisation 

{or the world 200 ond oquorivm community, providing leadecthip and 

suppor for 200s, aquariums, ond partner organisations ofthe world. Ove to 

‘ha retirement of he current Executive Direcior in anvary 2009, WAZA is 

seeking a successor, nally Director Designate. The role is based in Bern, 
nd 


Delivering and recommending strategies and polices, carrying ut on 
ambassador! role, developing the reputahon and impoc of WAZA, 
Managing day to day secretariat operations, budget and Frances, 
providing support and osistance to the Presiden, Counc, Commitens and 
Mambership of WAZA 
‘Anfpating mojor snes and chalenges for he global Zoo community 
Focliating active relationships inthe regions, coordinating marketing, 
hondling PR, giving presentations servicing ond promoting mambership 

The ideal condidate will have professional axparience gained ino 200 business, 

<ontervaion NGO, national Goverment or a MEA. an academic background, 

Fancy in English and atoinment of @ working knowledge of he language othe 

hot county. Further ob detalls ond candidate profile a www wore ong 

‘Application process: A full CV including alist of publications end @ 

‘covering letter (all to be in English) outlining why the 

Potition is being opplied for to: 

Jayne Quinn, Chester Zoo, Upton, 

‘Chester (England) CH2 ILM 

Emeil: -quinn@thesterzoo.org 


‘Closing date 18 July 2007 


Getting in at the start. 


‘The University of Edinburgh, BBSRC and SAC are working. 
together to create a new world leading Research Institute on 
the outskirts of Edinburgh. The new Institute will be up and 
running from April 2008, and will incorporate leading 
scientists from the world renowned Roslin Institute, SAC and 
the University of Edinburgh. Our brand new building will be 
completed by 2010, by that time we will have a staff base 
which will be the envy of many other research institutes. 


With this exciting venture comes many opportunities for 
Research Scientists at all levels to be part of something new, 
to work with established scientists and leaders in their field, and 
to have access to the latest technology and resources to support 
them in their research in a wide range of animal species. 

If you would like to be part of this vibrant new venture, 
whatever your current level of research ~ whether you are 
just starting out in your first post-doctoral role, or you are 
already leading exciting research programmes, we want to 
hear from you. 

All we are asking for at this stage is an expression of interest, 
with a copy of your latest CV, so that we can begin talking to 
you about your aspirations and plans for the future. 

To take this first step, all you need to do is email us at 
roslin.hr@bbsrc.ac.uk with your CV and a covering note. 
‘We'll do the rest. 


NUS Graduate School for ‘<’ 
Integrative Sciences and Engineering 


THE BEST WAY TO SEE THE FuTurE Is To .. 


About NUS Graduate School for 
Integrative Sciences and Engineering (NGS) 


NGS - The home of cutting-edge PhD Research & 
Graduate Education. 


NGS offers generous PhD Scholarships to 
talented students with strong research 
potential. All students will have access to ample 
resources, a world-class infrastructure, and 
receive supervision from top-flight academics. 


Seize the opportunity, challenge yourself, 
and achieve research excellence among the 
world's best. 


NGS is looking for students who: 

@ possess a keen interest in integrative research 

enjoy taking an analytical approach to problerns 

@ are curious about major issues in related 
subject areas 

@ will adhere to the highest ethical standards in 
research 

@ appreciate the importance of developing 
excellent communication skills 

@ can function well as part of a team 

will serve as role models to future generations of 
researchers 


Apply today through our website at 
http: //www.ngs.nus.edu.: 


National University of Singapore 
Graduate Programme in Bioengineering (GPBE) 


The Graduate Programme in Bioengineering (GPBE) at the 
National University of Singapore (NUS) is offering generous 
‘Scholarships to talented young researchers who want to 
pursue a career in multi-disciplinary research. The GPBE Is a 
division programme of the NUS Graduate Schoo! for 
Integrative Sciences anc Engineering (NGS), one of the 
premier graduate schools in the Asia-Pacific region 


‘The GPBE has more than 80 participating PhO supervisors, 
drawn from across the NUS faculties and research institutes, 
All students receive hands-on PhO supervision from 
leading researchers in the bioengineering field, The GPBE 
has a time-rational and creative curriculum, including 
laboratory rotations. 


Apply to the GPBE today, and join a community of brillant, 
motivated, young researchers in their quest to solve some 
of the most challenging problems in bioengineering 


What does GPBE provide? 
+ Direct 4 years PhD Programme 
Full Research/Tultion Fee subsidy 
Monthly Stipend 
Book, Laptop and Conference allowances 
No Bond 


Our Research Areas include: 
Blolmaging 
Biomaterials 
Biomechanics 
Biomolecular Engineering 
Blosignal Processing 
Computational Modelling 
Gene and Drug Delivery 
BioMEMS and Nanotechnology 
Stem Cell Engineering 
Tissue Engineering 
Tissue Repair 


NUS Graduate Programme in Bioengineering 
Centre for Life Sciences, #05-01, 

28 Medical Drive, 

Singapore 117456 

Tel: (65) 6516 6190 Fax: (65) 6464 1148 


Email: gpbe_admin@nus.edusg 


Tenure-Track Positions 
Liver Diseases Branch 


ive ~ Fatty Liver Disease & Obesity - Tenure Track Position: 

‘The Liver Diseases Branch of the National Institute of Diabetes and Digestive and Kidney Diseases (NIDDK), National Institutes of Health 
(NIL) invites applications for one tenure track position from scientists interested in basic and/or clinical research involving non-alcoholic fatty 
liver disease and metabolic syndrome. Specific areas of research interest include pathogenesis and mechanism of metabolic derangement in non- 
Alcoholic fatty liver disease and its pathophysiological link to insulin resistance and obesity. Priority will be given to applicants atthe Assistant 
Professor level in traditional universities or those finishing their post-doctoralfellowship positions 


New Research Initiative ~ Liver Stem Cells - Tenure Track Position: 

‘The Liver Diseases Branch of the National Institute of Diabetes and Digestive and Kidney Diseases (NIDDK), National Institutes of Health 
(NIL) invites applications for one tenure track position from scientists interested in basic and or clinical research involving mammatian adult 
stem cells, Specific areas of research inferést include functional differentiation and mechanism of development of adil tissue-derived stem cells, 
especially those of the liver, and potential clinical application of stem cell therapy in liver diseases. Priority will be given to applicants at the 
Assistant Professor level in traditional universities or those finishing their post-doctoral/fellowship positions, 


‘The applicant must have a proven record of accomplishments and will be expected to propose and pursue’an independent research program in one 
of these fields. The position offers unparalleled opportunities for interdisciplinary collaboration within NIDDK and throughout NIH. The Liver 
Diseases Branch of NIDDK is Tocated on the main intramural campus of the NIH in Bethesda, Maryland, a suburb of Washington, D.C, 


Interested applicants should send a Curriculum Vitae and list of publications, copies of three major publications, a summary of research accom- 
plishments, « plan for futureresearch, and three letters of recommendation to Ms Michelle Brown, Search Committee, Liver Diseases Branch, 
NIDDK, Building 10-9B16, NIH, Bethesda, MD. 20892-1800. Application deadline: September 15, 2007. 


SSEEISE! Division of Extramural Research NIDDK Y 


Program Director 


The National Institute of Neurological Disorders and Siroke, NIH, is seeking 
a scientist or physician with experience in Prion Diseases, Infectious Diseases, 


HEALTH SCIENCE POLICY ANALYST 
(Two Positions Available) 


‘The National Institute of Diabetes and Digestive and Kidney Diseases 


| Neurovirology, or Neuoimmunology to serveas Program Director forthe plan 
ning, evaluation, and administration of research on Infectious Diseases of the 
Nervous System. Successful candidates will join a highly interactive group of 
scientists and clinicians directing reseael programs in all areas of meer neu- 
roscience and neurological disorders. He/she will plan and implement a cutting 
edgeresearch program through active communication withthe professional and 
lay communities as well as program staf from other institutes and agencies. 


Applicants should have a Ph.D. andlor M.D. degree in a relevant field of} 
biomedical science. This is a GS 13/14/15 civil service positon (salary range 
S$ 79,397.00 - § 143.471). Physicians may be eligible for a Physician's Com- 
paraility Allowance 


[Applications may be submitted beginning May 14th through July 13, 
2007, Beginning May 14%, official application instnictions can be found at 
the USAJobs Web Site (http:/www.usajobs.gow), by searching on Vacancy 
| Announcement NINDS-07-18749 for the Health Scientist Administrator and 
/NINDS-07-188681 for the Medical Officer. For further information about the 
application process, please contact Sharon Scott (scottsha‘@ maiLnih.gov) at 
NIH Human Resources. For more details conceming the nature ofthis position, 
please contact Dr. Emmeline Edwards (edwardse(@ mail.nih.gov) 


THE NIH IS DEDICATED TO BUILDING A DIVERSE COMMUNITY IN ITS TRAINING AND EMPLOYMENT PROGRAMS 


(NIDDK) is seeking applications from individuals Who are currently 
post-doctoral positions in biomedical research laboratories, but who wish 
tomakea career change froma laboratory setting. Particularly encour- 
aged to apply are individuals with post-doctoral experience in molecular 
biology, coupled with demonstrated writing and other communication 
skills. Incumbent will develop a wide range of documents that analyze 
and present the scientific accomplishments and plans of the NIDDK. 
10 public policy makers, voluntary health onganizations, and other lay 
audiences, Incumbent must thus be able to convey in understandable, 
scientifically accurate, and meaningful terms the contributions of bio- 
medical research to human health. Total salary is competitive and will 
be commensurate with the experience of the selectee. 


Position requirements and detailed application procedures are provided 
Jon Vacaney Announcement Numbers: NIDDK-07-197281-DE and 

)DK-07-197281-MP, which can be obtained by accessing WWW. 
USAJOBS.GOV. All applications must be received by 07/20/07, 
For additional information contact Karen Page, Human Resourees 
Specialist at (301) 496-4232. 


Tenure-Track Position in Molecular Genetics 
NIDDK © National Institutes of Diabetes and Digestive and Kidney Diseases 


We seck an outstanding scientist to direct a vigorous, innovative research program in Molecular Genetics in the Genetics 

and Endocrinology Section/Metabolie Diseases Branch. Applicants must have a demonstrated track record of significant 

ion of tumor genes. The successful candidate is expected to 

develop an independent, world-class research program complementary to current investigations within the Branch, The 
sition comes with generous start up funds and on-going support. 


iseases Branch of NIDDK is located on the main NIH campus in Bethesda, Maryland, a suburb of Wash- 

The Branch represents interests similar in range to those of an agademic department with groups studying 

G-proteins and hormone-seereting tumors ineluding those mediated by the MEN1 or HRPT2 genes in man, There are 

rong interactions among the three independent research groups, and the position offers unparalleled opportunities for 

interdisciplinary collaboration within NIDDK and throughout NIH. Applicants should submit curriculum vitae, bibli- 

ography, copies of three major publications, a summary of research accomplishments, brief'statement of future research 
goals, and arrange for three letters of reference to be sent to: 


Dr. Dan Camerini-Otero, Chair, Search Committee, c/o Linda Robinson, NIDDK, 9000 Rockville Pike, Building 
5/Room 201, National Institutes of Health, Bethesda, MD 20892. 


Application Deadline: June 15, 2007. 


“s; Tenure-Track Position in Human Molecular Genetics 
NIDDK @ National institute of Diabetes and Digestive and Kidney Diseases 


We seek an outstanding scientist to direet.a vigorous, innovative research program in the molecular genetics of human type 2 diab 
and/or obesity, in particular as these diseases relate to the Pima Indian population of Arizona. Applicants must be highly motivated 
and have a demonstrated track record through publications that address significant issues‘of discovery Of genetic susceptibility fac- 
tors to these conditions in human populations, The successful candidate is expected #0 develop at independent, world-class research 
program complementary to current investigations within the Phoenix. Epidemiology and Clinical Research Branch (PECRB). The 
position comes with generous start up funds and on-going support 


The PECRB, NIDDK is located in downtown Phoenix, Arizona. The-Branch represents interests similar in range to those of an 

iment. There are strong interactions among the independent research groups, and the position offers unparalleled 
opportunities for interdisciplinary collaboration within NIDDK and throughout NIH. Applicants should submit a curriculum vitae, 
bibliography, copies of three major publications, a summary of research accomplishments, a brief'statement of future research goals, 
and arrange for three letters of reference to be sent to: 


Dr. Dan Camerini-Otero, Chair, Search Committee, c/o Linda Robinson, NIDDK, 9000 Rockville Pike, Building 5/Room 201, 
National Institutes of Health, Bethesda, MD 20892 


Application Deadline: June 15, 2007, 


BIOMEDICAL INFORMATICS 
FACULTY POSITION 


‘The H, Lee Moffitt Cancer Center and Research Institute in 
conjunction with the College of Medicine tthe University of South 
Florida, Department of Interdisciplinary Oncology, are seeking 
applicants at the Assistant/Associate Professor level. The successful 
candidate will pursue independent and collaborative research in the 
fields of bioinformatics and oncology, especially focusing on the 
development of computational and mathematical methods to reveal 
specific data signatures targeted at diagnostics, prognostics and 
personalized therapies. The successful applicant will propose and 
develop a research theae consistent with ongoing projects at th 
Moftitt Cancer Center. Applicants with a strong background in data 
mining expertise using high-density gene expression, protcomics 
and clinical data will be of particular interest. State-of-the-art core 
facilities including multiple supercomputing facilites, vigorous 
research programs and access to large heterogeneous data 
resources are among the many strengths ofthe research 
enviroranent at Moffitt. 


of spa ‘computing resources. As one of 
the fastest growing NCI Comprehensive Cancer Centers with the 
third largest cancer hospital in the nation, major investments are 
being made at Moffitin the areas of microarray gene expression 
profiling and protcomies, with an emphasis on personalized cancer 
care, Candidates rust have a Ph.D. o€ MLD. degree with advanced, 
Postdoctoral taining, anda record of aceomplishenent 
methodological development for knowledge discovery from 
databases, systems biology of biomedical informatics as exidenced 
by publications 


Successful individuals for Assistant Professor must have atleast 
Io years research experience in bioinformatics or related fields 
‘The Associate Professor must have a proven track record of 
Independent research and demonstrate sustained extramural 
funding. In adltion, the Associate Professor rank requires at east 
five years of experience with conunuing and productive service as 
a Assistant Professor. The position may be tenure earning and 
salary is negotiable 


Please refer to position no, 15119. Send curriculum vitae, brief 
research plan, current and past grant support and names of three 
references to David Fenstermacher, Ph.D., Executive Director, 
Research Informatics, eo Kathy Jordan, MBA, Supervisor 
Recruitment & Appointments, Department of Interdisciplinary 
Oncology, H. Lee Moffit Cancer Center and Research Institute, 
12002 Magnolia Drive, Tampa, FL. 3612. For inquiries contact Dr. 
Fenstermacher at 813-745-6711 or david fenstermachermotfat.org 
Electronic CVs preferred to kathleen jordan@motfit.org. Position is 
open until filled. Application review begins July 1, 2007, 
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www.moffitt.org. 
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Position Project Manager 
Mision: Fondation Ledocg Paris-based nonprofit institution, has waned 
2 grant though is 20069007 “Transatlantic Networks of Excellence 
Program” tothe"Leducq European-North American At 

Research Alliance". Th 


alliance orp will receive $6 million over five years tosupporta collaborative 
{esearch program on the role of calcium in atrial fibeillation involving 
leading European and Nonh American investigators 


Position: A position fora Project manager will be available a the coordi 
site in Dresden from October 01, 2007 for an initial period of ane year 
renewable for up to four years upto Sepember 30,2012, 


Qualifications: Coordination of 
development, planning, and implementation of communication strategies 
‘between the centers and between the coordination site and Fondation Leduy 
development and implementation of administrative tools for planning and 
contro of budgets supervision of budget allocation to the network centers 
working in tight collaboration with the coordinators and the budgetary 


I scemtfic and administrative activi 


administration ofthe Medical Faculty; organisation of the annual networ 
‘micetings and scien 


‘conferences; management of personnel exchange: 
adget reports obe presented 10 


preparation of uinely annual sciemtific andi 
Fondation Leduc; administrative support of the coordi 
Requirements: Life science degree (or equivalent); fucnt verbal and writen 
English; excellent analytical, problem solvin ve, dec sion making, 
and communication skills: strong organizational skills with ability 16 


‘coordinate activities across various centers; advanced computer skills and 
ability to learn new systems; previous experience in ad 


research projects or closely related fields 
Interested individuals should send an application letter and curriculum vit 
by August Ist to: Dr, Dobron rev, Medizinische Fakultit Cart 
Gustav Carus, Institut fiir Pharmakologie und Toxikologi 
Dresden, Fetscherstr 74, 01307 Dresden, Germany (mail) of per e 
to: dobrey @resuretu-dresden.de 


MEDICAL CENTER 


FACULTY POSITIONS 
DIVISION OF BIOMEDICAL INFORMATICS 
DEPARTMENT OF CLINICAL SCIENCES 
UT SOUTHWESTERN MEDICAL CENTER 


le rank 
3 he candidate 


should demonstrate a strong 
fields of bianformatics and 
timers. Ths would incl 
volvement 
in interactive 


or developing and bulding 


Richard H. Scheuermann, Ph.0,, Professor and Chief, Division 

of Biomedical informatics, UT Southwestern Medical Center at Dallas, 
5823 Harry Hines Boulevard, Dalla, TX 75390-9072; 
‘e-mail Richard Schevermann@utsouthwestern edu 


LU Sastmester Medical Centers an Egat Oppatunty Employer 
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Pfizer) Working for a healthier world™ 


NNen-0 CSsEeS 


become miracles? 


Imagine a career that touches the lives of people ever gine an opportunity to reach 
beyond your area of expertise to make an impact on something greater than the bottom line, 


Imagine playing a key role in some of the most critical issues facing healthcare today. This is your 
career at Pfizer ~a career unlike any other 


We are Pfizor Global Research & Development (PGRD), the sceutical RED organization in 
the word. Our focus on andng medcnes remans 0% 


continue to expand ou! 


‘gest phar 


pe prod key driver. That is why we 


research capabilties while streamining our business operations to be more agile 


In today's rapidly changing 


ess enwrorment 


In short. we're not content watting to evolution of our industry, In 
ipabiites by forming new groups in our Sant Louis, MO, faciity- Inflammation 


‘Area, Inflammatory Pathways Group (IPG) and Indications Discovery 


13, we are bulding on our 
current successes and 
Thorapeut 


At PGRD, wo understand that new discoveres ‘sing ways. And with the introduction of 
the Inflammation Therapeutic Area, Inflammatory Pathways Group (PG) and indications Discovery, we 
increasing Our emphasis on exploring and evaluating al potential indications for a cincal candidate 
‘across muiliple therapeutic areas. Working closely with our therapeutic area coleagues, hypotheses wil 
bbe created, tested, and miracies wil emerge for patients. 


The opportunites at our Sant Louis research ste are many and we're socking senior scientists 
In immunology, oncology and computatonal bology, scentists wth experience with biomarker 
+hnologies, and colllar/molecular/systems scientists with experience in neurosciences, pain, oncology 
oF ophthalmology. Expertise in the role of inflammation in diabesty/NASH is desred. 


Now you can be a vital member of a research and development company unlike any in the word, Pfizer 
Giobal Research & Development. Join us and tum dscoveres into miacies. 


To learn more about our people, our products, and our 
plans for the future, visit www.pfizer.com/careers 


a! opportuney employer and welcome applications from 
es, backgrounds and ethnic orgins. 
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DIRECTOR 
WORLD CLIMATE RESEARCH PROGRAMME 


‘The World Meteorological Organization (WMO) invites applications for the post of Director 
of the World Climate Research Programme (WCAP) Department. The incumbent is 
responsible on behalf of the sponsoring bodies (WMO. ICSU and IOC of UNESCO) for the 
international coordination, planning and organization of scientific research projects and 
related activities contributing to the goals of the WCRP programme. The incumbent 
represents the interests of the programme with relevant governmental and non-governmental 
international organizations and a wide range of national administrations and research 
‘agencies. He/she will establish effective working relationships with a wide international 
community of scientists in the fields of meteorology and atmospheric sciences, 
‘oceanography, polar sciences, hydrology and land surface processes, as well as space 
research, In accordance with the terms of the WMO/ICSU/IOC Agreement on the WCRP, 
the incumbent will be responsible for the scientific and technical tasks to the Chairperson 
‘of the Joint Scientific Committee for the WCRP and for financial and administrative 
matters, to the Secretary-General of WMO. 


Applicants will have Ph.D or equivalent qualification in the fields meteorology, atmospheric 
sciences, oceanography, polar sciences, hydrology or space science. Over fiteen years 


projects and/or mi 
‘component 


ment of a scientific institute pre 
Demonstrated ability in resource mobilization. Excellent knowledge of English 
and/or French and a good working knowledge of the other 


Deadline for applications: 10 August 2007. 


For Personal History Forms, as well as additional information concerning the position, 
salary and benefits: www.wmo.invwebMmem. 


Interested candidates should send a cover letter and Personal History form addressed to 
the Secretary-General, World Meteorological Organization, P.O. Box 2300, 1211 Geneva 
2, Switzerland. 


POSTDOCTORAL FELLOWSHIP PROGRAM 


[NATIONAL SPACE BIOMEDICAL RESEARCH INSTITUTE. 
‘The National Space Biomedical 
Research Institute (NSBRI) Is 
soliciting applications for tts 
Postdoctoral Felowsi Program, 
Two year Fellowships are avaiable 
In any US. laboratory carrying out space-related 
biomedical or biotechnological research that 
supports NSBRY's mission and objectives. 


Applicants must suit proposals wit the support 
of a mentor and instuton, and all proposals wi 
be evaluate by a peer-review panel, Te Program 
4s open to U.S. citizens, permanent residents, 
(F persons with pre-existing visas obtained 
‘through thelr Sponsoring institutions that permit 
postdoctoral raning for the project's curation. 
Detailed program and. application submission 
Information i availabe on the NSBAI website at 
wwcnsbr.org/Announcements/rta07-02.ntml 
Nottoes of intent and applications must be sub 
ried through an electronic proposal submission 
stem. Notices of intent are due ly 10, 2007, 
‘andthe application dane is August 1, 2007, 


Questions to: Sonia Ranmati Clayton, Ph.0. 
Program Coordinator, NSBRI Postdoctoral 
Fellowship Program, telephone: 713-798-8229, 
‘eal: postdocewe st 07, 


Rigel Pharmaceutical, In. is « betech company that dicoves end devebps rove smotmeleae cups for the 
treatment of iflavmetory daca, corer ar val dacases We hove iver epportanect m Sth San Francat ot 
tedcatehardsan profesiona © pon ew mlscsciplnary R&D teams 


SCIENTIST, VIROLOGY 
Reqiret a PADI the Bdogeal serces 3° yet of relar potdoctra/natry experienc. and awk record 
of soeretc scammers in eros Sology Job Cade: Y-06-02SC1) 


SCIENTIST, HTS 
Requires a PRO n bloga scerces, 3 years of experience in the area of molecu mechan of obesity and 
dabetes research, and experience in molecu & celular Boegy and bochemstry (Job Code: XXU-G-2-SCI) 


SCIENTIST, DISCOVERY 
Requires 2 PRO. in bilge sderces 2+ years of post-gradiate experience and broad scenic backgrounds 
saning mie fle. Job Code: TK-06-05-5CI) 


ASSOCIATE SCIENTIST/SENIOR SCIENTIST 1, TOXICOLOGY 
Requires 3 BSIMSIOVHYPYD i Bogy Pharmacaiogy Ealcoogy or Laboratory Animal Sines, 2¢ years research 
‘operene na plarmaceutealorerted errant andthe ably 0 depended dg Set ip. ene ure, 
terminate, and report in vo TexcalogyIDMPK or Pharmacslogy sides. Job Code: GC-O6-07-5CI) 


[At Rigel not only wil you enjoy cur exxeptonsl compensation & benefes padage. cur gererocs stock options, 


View COMPLETE Jo8 DEscrPTIONsar WWW.Frigel.com 


IRRI 


INTERNATIONAL RICE RESEARCH INSTITUTE 


DEPUTY DIRECTOR 
GENERAL FOR 
RESEARCH 


(Ref: DDGR 03107) 


‘The Imemational Rice Research Institute 
(www.irri.org) is seeking a Deputy 
Director General for Research as i 
member of its senior management team at 
its headquarters in Los Baaos. 
Philippines. This position has full 
responsibility for leading, planning, 
executing, managing, and monitoring 
IRRI’s global research for development 
activities througha research management 
matrix system of programs and 
disciplines. Interested candidates should 
havea PhD in agricultural, natural, or social 
sciences: an outstanding record of 
esearch: and strong leadership ability in 
research planning and management. A 
complete position description and 
information about IRRI can be found at 


www.irriorg/irsjobs.htm or contact 
IRRI's HR coordinator, Ms. Selene 


Ocampo at s.ocampo@ egiar.org. 


your job at TUDelft 


6 The Faculty of Applied Sciences is 2 large, research- 
oriented faculty of the Delft University of Technololgy, 
providing a world-class training ground for future leaders in 
scientific professional practice and research. We are looking 
for an 


Assistant/ Associate Professor 
Bio-photonics for molecular imaging 


The new Assistant or Associate Professor should strengthen 
‘our fundamental research on molecular imaging using 
bio-photonics, microscopy and computational approaches 
for the study of cellular systems. The main challenge is to 
develop novel instrumentation and analysis techniques for 
key applications in medical science and technology. Key- 
Words for this position are: blo-photonics, spectroscopy, 
‘molecular imaging, lab-on-a-chip, biomedical signals 

and systems, image and signal processing, quantitative 
‘microscopy, nano-manipulation, micro- and nano-sensors, 
single molecule microscopy, and nor-linear optical contrast 
‘mechanisms. For more information about the job and the 
procedure please visit our website: 
www.vacaTUresinDelft.nl/international 


CHALLENGE THE FUTURE 


fu Delft 


Cell Biologist 


The American University of the Caribbean School of 
Medicine (AUC), an accredited institution with over 
3,500 graduate physicians in the U.S., seeks to appoint 
two Cell Biologists, 

This position is contained within the Department of 
Molecular and Cell Biology, a department responsible for 
‘executing an integrated course with modules in biochem 
istry, genetics, and cell biology. Total faculty number 8-9. 
In particular, we seek individuals with considerable 
teaching experience in medical education. Candidates 
should possess a Ph.D. and/or M.O., a positive commit- 
ment to teaching, good communication skills, and a 
‘strong comfort level with electronic based learning. 

AUC currently possesses a strong faculty composed of 
both basic scientists and clinicians. Students complete 
their basic science training on St. Maarten, Netherlands 
Antilles in the Caribbean approximately 3 hours by air 
from Miami, and go on to clinical clerkships in the U.S. 

U.K., oF Ireland. 

Interested parties should send a brief statement of 
teaching philosophy, their CV and contact information for 
three professional references to Dr. Hiroko Yoshida 


diedu 


5 


ww 


hirokoauc@hotmail.com. 


(2 s5»\_American University of the Caribbean 
& ) ‘School of Medicine 
toss 


Christian. Universitat 2u Kiel 


Associate Professorship 
(W2 tenure track) for Molecular Medicine 


and Medical Systems Biology at the 
Medical Faculty of the Christian: 
Albrechts-University at Kiel, Germany 


Endowed Professorship of the Stifter- 
verband fir die Deutsche Wissenschaft 


‘The above professorship is offered for 6 years (initial contract) 
at the Institute for Clinical Molecular Biology. The W2 salary is 
negotiable within the possibilies of the endowment. Its plan- 
ned to assign responsibilty as a deputy director for the institu- 
te to the successful applicant. Applicants should have studied 
‘medicine or a relevant life science field. They should have pro- 
‘duced visible scientific achievements in the exploration of the 
‘molecular etiology of complex diseases. This includes experi- 
‘ences with high-throughput molecular technologies, The suc- 
‘cessful applicant should have an interest to explore complex 
‘molecular risk hypotheses and to drive an experimental model- 
ling process that contributes to a molecular understanding of 
‘multiple (polygenic) risk mechanisms in complex disease. The 
Institute is part of the National Genotyping Platform in Germany 
(including second generation sequencing) and provides several 
high-throughput functional platforms (including genomewide 
SIRNA studies). Large DNA collections for several diseases 
‘are raised and maintained through the “popgen” biobank that 
affliated withthe institute (e. g. Nat Genetics 2004, 36; 476- 
480; 2005, 37: 357-64 or 2007, 39:207-11), 
‘The successful applicant will coordinate the development of 
technology activities of the Institute for Clinical Molecular Bio- 
logy in the university's interdisciplinary Center for Molecular 
Life Sciences (www.zmb.uni-kel.de). Cooperation across 
neighbouring ife-science fields is expected, where different 
departments (@. 9. biology, plant breeding, agricuture) have 
Interests in genetic diversity, too. It is expected that the suc- 
Ccosstul applicant participates in interdisciplinary activities inclu- 
ing program project grants (‘SFB's"), the excellence cluster 
“Future Ocean” and the excellence initiative “inflammation at 
Interfaces”. The professorship includes participation in curricu- 
lar teaching (in English). In particular, contributions should bo 
‘made to a new MD/PhD program, which will be established 
between the faculties for medicine, agriculture/nutrition 
‘sciences and natural sciences/blology. 
The laws of the State of Schleswig-Holstein allow to award ton- 
re after external peer review of scientific performance. The 
‘Medical faculties of the Christian-Albrechts-University and the 
University of Luebeck cooperate and adjust their scientific foc. 
‘tis expected that clinical and theoretical departments coope- 
rate between the Kiel and Luebeck medical campus. 
CChristian-Albrechts-University attempts to increase the percen- 
tage of female professors. Female applicants are encouraged 
to apply, In case of equal qualification female candidates will 
be preferred. The university is an equal opportunity employer 
for handicapped individuals, who will be preferentially selected 
If qualifications are equal. 
‘Applications including a listing of publications and 
grants should be submitted to July 20%, 2007 to the 
Dean of the Medical Faculty, Christian-Albrechts-University, 
COlshausenstr. 40, 0-24098 Kiel, Germany 
(Gokanat@med.uni-biel.de: reference: Application W2-Profes- 
orship Molecular Medicine), 
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yeusf experience n MO or prarmacevttal reagent manfscng/OC? 
‘Switzertand and over 20'000 staff members worldwide. The company’s new 
Center of Competence 


‘exctng and chatenging opening fora 


Head Operations 
Molecular Systems 


del canddate has lea ed project o success and possesses extersve 


Leadership 


‘Your application vl be trated with shit content. 


Do you have a Universiy degree in BioogicaVLte Sciences, Bochemstry or Engineering and several 


(Our cient i one of the word's most successful and rapdy growing Ite science companies with HO in 


{or POR-systeris used in agnostics and research, located in the greater ZurctVLucere area, hasan 


Reporting to Top Management you ae responsible lo estabish and head a quit-ciginary operation 
engaged in buk lomnaian and fling, kt packaging, QC testing validation, lgstes, and product dis- 
trbuton n this potable you manage a group ot approx. 30 academic and technical employees. The 


experience. Srong communication skils and an excelent command of Engishvand German ae a must 


you are interested in ths outstanting career opportaty wih a ery song gota! comgsny, we are 
looking forward o eceving yout Tel appicaton wth CV and eters of reference 


‘wn-pp-pharma-plan.com 


Vertex Pharmaceuti- 

cals Incorporated is a 
VERTEX. 22 bneinoley 

‘company committed 

to the discovery and 
development of breakthrough small molecule 
‘drugs for serious diseases. The Company's 
strategy is to commercialize its products both 
independently and in collaboration with major 
pharmaceutical companies. Vertex’s product 
Pipeline is focused on viral diseases, inflam- 
‘mation, autoimmune diseases, cancer, pain and 
bacterial infection, 


Research Scientist 
This position is responsible for prov 

‘entific lab leadership 10 support the 

and execution of drug discovery and technology 
projects focused on membrane proteins. The 
Research Scier 


will be expected to work 
with the biology team to advance new molecular 
approaches for ion channel analysis, using bio- 
‘chemical and biophysical methods, Responsi- 
bilities will include coordinating, designing and 
‘exceuting research strategies involving scientists 
from multiple departments to probe drug-target 
interactions and target biology, 

We are in search of a candidate possessing a 
degree in Neuroscience, Biochemistry, of a 
related fild, and 3+ years of post-doctoral expe 
rience. The successful candidate will have an 


Mabini Suerteeineh excellent scientific track record, communication 
MAU ‘skill, and substantial experience with membrane 
Q direct diat +41-61-261 9417 peo. 
P’ PHARMA pores Re einer 
ber er + Partner Gabe online at: worw.vets.com, 
{-sager@pp-pharma-plan.com Vertex Pharmaceuticals Inc., is an 


EQUAL OPPORTUNITY EMPLOYER. 


UNIVERSITY OF OULU, FINLAND 
Faculty of Science 


Applications are invited 10 the position of 
Full Professor in Cellular Biochemistry 


‘The posi 


s open in the Department of Bioche 
appointee should have a strong research program in the field of 
cellular biochemistry (for example cell signalling. cell trafficking, 
assembly of macromolecular complexes, organization of metabolic 
pathways and their regulation). The teaching duties will include 
both basic and advanced courses at the graduate level and also at 
postgraduate level in the candidate's field of expertise. The lectures 
a the Department are given in Finnish or English 


‘The Department of Biochemistry houses well-equipped laboratories 
for research in molecular biology. protein chemistry. biocomputing 
and structural biology. Laboratories for cell biology are being 
reconstructed, The Department provides a stimulating, 
‘multidisciplinary international environment with world-class level 
research and recognized excellence in teaching. The starting salary 
will be based on the demands level chart for teaching and research 
personnel in the salary system of the Finnish universities (levels 
8-10). In addition, the appointee will be paid a salary component 
based on personal work performance. 

The detaited description of the post is available at Wttp:/t 
www hallinto.oulu.fi/yhallinUkuulutus/vieat.html,  fnformal 
information can be obrained email: kalervo.hiltunen@ oulu.fi 
for tel: +358-8-553-1150, Further information and application 
instructions please contact by email: perttitikkanen@ oulu.fi 
for tel: +358-8-553-10S1 

Applications including the documents required according to the 
application instructions should be received mo later than July 9th, 
2007 at the University of Oulu, Registrar Office, POBox 8000. 
FIN - 9004 Oulu University, Finland. 


Postdoctoral Positions 
inthe 
Genetics of Susceptibility to Prion Dis 
and other Neurodegenerative Disorders 


McLaughlin Research Institute i a small non-profit research onga- 
nization near the east slopes of the Rocky Mountains and provides an 
‘outstanding environment to train for a carver in mammalian genetics, 
Applicants for these positions should provide evidence, including 
publication in internationally recognized joumals, for their potential 
for an independent research carcer, 


‘The positions are supported by a NINDS Program Project led by George 
Carlson, Director of the Institute, The goal is to identify genes and 
mechanisms that modify susceptibility to prion infection or that are 
involved in prion replication, Emphasis willbe placed on exploiting a 
newly developed CNS stem cell culture system that can be infected w 


prions. Interactions with co-investigators at larger research centers 
Seattle (LE. Hood) and San Francisco (S.B, Prusiner and S.J. DeAr- 
‘mond) enhance the training environment. Successful a 

havea solid background in molecular genetics or stem ce! 


To apply, send your curiculum 
MeLaughlin its astatementof research expe- 
Research —iewccand interest andthe names 

ofthe individuals we may contact 
Institute forreferonces to 


‘Training Office 
McLaughlin Research Institute 
1820 23% Street South 
Great Falls, MT $9405 
tg@po.mrimontana.cdu 


SAINT LOUIS UNIVERSITY 


Dean 
School of Medicine 


Saint Louis University, a Catholic, Jesuit institution dedicated to student learning, research, health care, and service is seeking nominations and applications 
forthe position of Dean of the School of Medicine. 


The School of Medicine is one of nine schools o colleges of Saint Louis University and a unit of Saint Louis University Medical Center, In addition to the 
School of Medicine, the Medical Center eampus isthe site ofthe graduate programs ofthe Doisy College of Health Sciences, the School of Public Health, 
the Cemer for Health Care Ethics and the Center for Advanced Dental Education. The Medical Center includes the Tenet Saint Louis University Hospital 
and the Cancer Center. Saint Louis University School of Medicine is closely affiliated with John Cochran and Jefferson Barracks Veterans Administration 
Hospitals, SSM Cardinal Glennon Children’s Medical Center, SSM St. Mary's Health Center and six other major affiliates, There has been substantial 
growth in clinical programs, research productivity, and academic excellence, particularly in the focused areas of cardiovascular disease, infectious diseases 
and immunology, cancer, the neurosciences, liver diseases, high rik obstetrics and nconatology 


Saint Louis University School of Medicine is one of four Jesuit, Catholic medical schools in the United States. In addition to its scintific investment, itis 


‘committed to scholarship and leadcrship in health professions education with an emphasis on ethics and care ofthe whole person. In support of is research 
‘commitment, a new 206,000 square foot research facility forthe School of Medicine will open on the Medical Center campus in 2007. The medical school 


‘consists of $63 full-ime and approximately 1,000 voluntary faculty currently 
formally organized as the Saint Louis University Medical Gro 


sional services at 100 ambulatory sites, 


‘Candidates for the position of Dean are expected to demonstrate 
an M.D. of M.D./Ph.D. degree. Applications will be open to 


didates with a variety 


the following will be considered: demonstrated senior leadership and an acknowledged reputation 
financial acumen, strategic vision and implementation skills; and experience and success in philanthropy. The Dean will be expected to work with other 


University and Medical Center administrators and the faculty in the continued development of Sain 


she will also be expected to represent the School of Medicine in an effective manner 


anized in 20 departments, The multi-specialty clinical faculty practice is 
pi the exclusive provider of health services forthe Medical Center and provides profes 


understanding and appreciation of Saint Louis University’s mission. They should possess 
backgrounds. Among the criteria to be used in the selection process, 
‘excellence in educatio 


research and clinical care 


‘auis University's academic health enterprise. He or 
the external community and health care partners 


Although applications will be aecepted until the position is filed, itis preferred that nominations and applications are made prior to August 18, 2007, An 


application, cover letter and curriculum vitae should be submitted electronically via the web site https 


se direct questions or nominations Yo Raul Artal, M.D., Chairperson, Department 


ih, and Chair ofthe Search Committee, at artalra@stu.eda 


Sain Louis University is an Affirm 
and encourages nomi 


ications from 


is. slu.edw/ (refer to the Dean of Medicine posting 
‘Obstetrics Gynecology & Women's 


a! Opportunity Emplover 


Senior Vice President 
for Research and Strategic Initiatives 


Tp es of oa Commo 
steno tigbe Laces ai pe 
[eet ntiny 
ara seOadens Tech he 
Sellar ten inte Ud 
Rerester aves ee eee pore 
Eee pele aplenty 
Sirti cher Ox 9 


‘Temple University is one of 103 universi- 
tice nationwide designated as “RU/H: 
Research Universities (high research 
activity)” under the current Camegie 
‘Clasifcation of Higher Education In the 
fiscal year ending June 30, 2006, Temple 
recorded over $136 million in sponsored 
program expenditures, OF this tral, 

$73 million was clasified as research, 

$27 million as public service aed $95 
million for instruction 


Temple Uniorsity is trngly committed to 
Afomatice Aion and Equal Opportenity 
and encearage qualified women and member 
of minority groupe apply. 


Reporting to the President of Temple Universit, 
the Senior Vice President for Research and 
Strategic Initiatives will lea the University’s 
fiatves with 
ibis to the 


nt of the University a premier 
i institution. Specific expectations chide 


* Developing a strategic vision forthe research 
‘emerprse at Femple University, incl 
incretsing tradiGonal sources of research 
support while expanding corporate and industry 
rehitions, technology transfer and cahancing 
Federal rations 


ing the strategic direction for development of 
core esearch and service programs with 


ities. 


+ Providing administrative and technical leadership 
for all types of esearch (eg basic and appbed, 
<inial snd tranalatuonal) fs support ofthe 
University’s mansion for major enhancement of 
research and economic development 


+ Representing the University to senior 
industry government officials, funding agencies 
and community members to promote the 
evelopment of major esearch programs 
and initiatives. 


The University secks candidates with extensive se 
port h Candidates 
predent for recatch or academic sain eu, oF 

fered. Candidates background should demon 
trate thorough understanding of the importa 
of enteral furing, a wll 3 the ab 

support for research and program de 

Tenure a the rank of Prater willbe alae to 
Sod scholarly credential 


Candidate review will begin immediately and o 
fioue until the postion f fled, Nominations and 
applications should be sent, in confidence and 
ecfrablyclostronicaly tothe search 
fare of Harry A. Young, SPHR, Associate 
President, Human Resource Operations, Te 
Universi 1601 North Broad Street, Philadephia, 
PA 19123, rvpresearch@remple.edu, For more 
formation about ths postion, vst 

se tenmpl el vpuearch 


iy TEMPLE 


UNIVERSITY* 


Science Careers 
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ZFIN, the zebrafish mode! organism database, secks a scientific curator 
to join our dynamic, interactive team of biologists and computcr scicn- 
tists atthe University of Oregon in Eugene, OR. 


Scientific curation is emerging as an attractive, altemative career track 

for creative scientists. As a ZFIN curator you will: 

+ read the latest zebrafish literature, and add information about zebra- 
fish genes, expression pattems and mutant phenotypes tothe ZFIN, 
database 

+ work directly with research laboratories to incorporate their data into 
ZEIN. 

+ help imegrate the emenging whole-genome sequence with ZFIN data, 

+ participate in working groups to facilitate cross-species comparisons. 

+ collaborate with computer scientists designing wcb interfaces to 


+ Excellent written and verbal English communications skills. 
+ Experience with developmental genetics 

+ Familiarity with biological databases. 

+ Detail-oriented work styl, 


Send cover letier, curriculum vitae and references to 
Peg Morrow 
Institute of Neuroscience 
University of Oregon 
Eugene, OR 97403-1254 USA, 
Pax: $41-346-454H Email: Morrow uoregon.edu 


Affirmative Action/Equal Opportunty/ADA Institution 
committed 10 cultural diversity 


International Max Planck 
Research School in 
Primary Metabolism and Plant Growth 
Offers several doctoral 
fellowships starting fall 2007 


The recently founded International Max Planck Research Schoo! 
(IMPRS) in Primary Metabolism and Plant Growth will focus on a 
‘systems oriented approach with an emphasis on both the application 
‘of a variety of molecular phenotyping technologies (Omics) and of 
bioinformatics, specifically on data integration and modeling, In this 
joint initiative of the Max Planck Institute of Molecular Plant 
Physiology and the University of Potsdam doctoral students will 
receive a high level and true interdisciplinary education covering 
‘genetics, cutting edge analytical techniques, and bioinformatics 
Doctoral studies focus will to a large extend on the model organism 
Arabidopsis thaliana. The programme's language is English and no 
tuitions apply 


For information about the programme, the research groups and the 
‘online application procedure please visit our web page at 
‘bttp//weww-on.mpimp-golm.mpg.de/IMPRS_GoFORSYS/index him! 


‘Applications will be accepted until July 15, 2007 


BICase 


Pervert ity Hospitals 

Case Medical Center 
Chief, Endocrinology and 

Director, of the Diabetes Center 


The Department of Medicine at Case Westem Reserve Un 
of Medicine y 

applicants for Chief, Division of Endocrinology and Director of the Dia- 
betes and Obesity Center. The Division has 15 full-time faculty members 
wroviding patient care at University Hospitals Case Medical Center, the 
Cleveland Wade Park Veterans Administration Hospital, and outpatient 
fate cere, The Divison as cure, bus bas, national and 


Hospitals Case Medic 
{stration Hospital, with $ fellows. The successful candidate will have 
mn outstanding record of scholarly achievements, sustained extramural 


research funding, along with proven leadership, mentoring and admin- 
istrative abilities, He’she should qualify forthe rank of Professor with 
tenure at Case. A strong commitment to continuing to lead the Division 
in national prominence through building interdisciplinary programs as 
Diabetes and Obesity Center Director is expected. 


Interested candidates should submit their curriculum vitae and a leter 
describing their research, teaching, serviee and administrative experience 
to: Robert A. Salata, MD, Chair, Endocrinology Division and Direc- 
tor of the Diabetes and Obesity Center Chief Search Committee, 
Chief, Infectious Diseases, Department of Medicine, Case Western 
Reserve University, University Hospitals Case Medical Center, 11100 
Euclid Ave., Cleveland, OH, 44106-8083. Electronic format preferred 
to: robertsalata@ease.edu 


Case Hestern Reserve University/University Hospitals Case Medical 
Center are Equal Opportanity/Affirmative Action Employers 


Max Planck Institute for Biogeochemistry 
An Institute ofthe Max Planck Society 


(oo. 


‘With he apromng retirement of founding director, the atte will urderg & major 
‘organiza ads ooking for ove ot posibly mare 


Director(s) and Department Head(s) f/m 


‘We are sckingovsanding nividuals with rod research interests in global 
‘hemcaleyees Possible feds to be covered imclode eeorystem provetes, oop 

tthe major fl clement yee, hyo. ad pleabeccbeaty 

eigenen srproabes 


theoreti 


‘The postions are equivalent oa tenured fll professorship a German univers 
‘There are no teaching cbligatone, however. he te ‘ava taching 
scaivines athe Unieraity i Jens and is currently establish aja International 
‘at Planck Reseach School oa Biogsocheminty, 

{a his coment, the Mas Planck Institute fr Biogeochemistry organizes special 10% 
ssiversary symposia on 


Earth System Dynamics: Biogeochemical Perspectives 
26,2007 


Ques mes 
\ necraintcompsiccitcnatetendeewitszan 


Scientific Officers 


a national and internat 


nal phil 
biomedical research, is se 
Senior Scientific Officer) 
Chase, MD. Scientific Officers 


management of HHMI. 


The Scientific Officer (o 


possess 


rewarch experial 


sciences, inclu 


journal 
host institutions is required, 


The Howard Hughes Medical Institute 
nthropy devoted to 


ing a Scientific Officer (or 
‘our headquarters in Chevy 


responsibility for activities associated with HHMIs 


westigator competitions, 
inwestigator reviews, and science meetings and workshops. 


or Scientific Officer) must 
Ph.D, and/or M.D. plus at least 10 years 

ce in the life sciences or the physical 
perience as a principal investigator 


in peer-reviewed 


mninistrative experi 


HHMD, 


HHMI is an intellectually exciting organization with 
ts. Interested candidates 


excellent salaries and ben 
should 
statement of scientific experie 
prior to August 15th, 
glotfelt@hhmi.org or by mail, to: 


pd curriculum vitae and bibli 


ce and 


ither electroni 


medical research operations at ever 60 institutions across 
the country. ‘These activities include participati 


the Jack E. Dixon, Ph.D. 
Vice President and Chief Scientific Officer 
Howard Hughes Medical Institute 
4000 Jones Bridge Road 
Chevy Chase, MD 20815-6789 


The Howard Hughes Medical Institute is an E 


Opportunity E 


HHMI 


HOWARD HUGHES MEDICAL INSTITUTE 


ADVANCED BIOLOGY 
TRAINING COURSE IN 
ANTARCTICA 
January 2008 
“Integrative Biology 
‘and Adaptation of 
‘Antarctic Marine 
Organisms’ 
This National Science Foundation sponsored 
‘course will be held in Antarctica a the United, 
ies’ McMurdo Station for one month, starting 
January 2008, This is an international course, 
‘open tall nationalities. Applications are invited 
from graduate students currently enrolled in a 
PRD program, postdoctoral fellows, and faculty 
level research scientists who are interested in 
the study of extreme environments and the 
biology of Antarctic organisms. The course 
will accommodate up to 20 students. Full 
scholarships are available for each student 
accepted into the course to cover the cost of 
travel from home institution to Antarctica, 
and room and board while in Antarctica, The 
emphasis of the Antarctic Biology Course is 
‘on integrative biology, with laboratory- and 
field-based projects focused on adaptations in 
anextreme polar environment. A diverse teach- 
ing faculty will offer students the opportunity 
to study a wide range of Antarctic organisms 
(bacteria, alga, invertebrates, and fish), as well 
as studying several different levels of biologi- 
cal analysis (molecular biology, biomechanics, 
Physiological ecology. species diversity, and 
evolution), Deadline for receipt of completed 
applications is August 18, 2007. For more 
information and on-line applications, please 


sce ~ http://antaretica.use.edu. 


CALIFORNIA 


Associate Laboratory Director 
‘@ikamov samc 


(Oak Ridge National Laboratory (ORNL) is seeking an Associate Laboratory Director (ALD) for 
Neutron Sciences. The successful candidate will ead an organization of approximately 600 staff 
and $250M in annual funding for neutron science research in support of Department of Energy 
(DOE) missions. We are secking an individual with demonstrated ability to manage large and 
‘complex research and development organizations, develop and implement strategic objectives, 
tn rove mtoal dep on neutron tensa evhnoog sis. The positon rues 
‘outstanding leadership, communications, stratepic planning. management, and int ils 
Broad cxpercnce in Belpng to develop and implemeal strsegica a the national and DOE program 
levels i highly desirable. 


The ALD isa member ofthe Laboratory senior management team, reporting to the ORNL Directo. 

‘The position has line and program responsiblity for the Neutron Sciences Directorate including 

developing and implementing a strategic vison, providing technical and management direction 

of ene obec effective operation of ese, and nmin seed teil 
ity. 


‘The ALD will provide the leadership to establish ORNL as the world’s foremost center for neutron 


Sciences, delivering unprecedented capabilities for understanding the structure and dynamics of 
feectab Wid he wohl highest Bax reactor bee wn Sooo the High Fs ots 
Reactor (HFIR) and the world's most intense pulsed accelerator-based neutron source - the 


Splat Neutron Source (SNS): Oak Ridge National Laboratory roves neon satiing 
‘capabilites unavailable anywhere else inthe world. The ALD will insure that SNS and HFIR will 
together comprise the world’s lading neutron scattering capability with both pulsed and continuous 
bbeams as measured by instrument performance, scientific output, user satisfaction, predictability 
and availabilty of operations, ad facility upgrades and expansions. The ALD will also cultivae a 
‘strong in-house research program, linked to other ORNL research areas and the broader research 
‘community, a 3 key element ofa successful scientific user facility. 


Toler mrc and ply 5 0 hplsbaraL go nt ct postion mar 2492, Pas sab 
‘Your resume, referanec and polation ist ans file. We only accept Microsoft Word documents 


‘ORNL ig pram mech ity manag hy UT Bae LC er the of Eng. UT-Batlle LC 
Soot Sperlaly cnpye taken kang eal cng eraly avons wae” 
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UNIVERSITY OF MISSOURI-KANSAS CITY 
SCHOOL OF BIOLOGICAL SCIENCES 


Professor and Senior Leadership Position 
Division of Cell Biology and Biophysics 


Applications are invited fora senior leadership position inthe Division 
of Cell Biology and Biophysics at the School of Biological Sciences, 
University of Missouri-Kansas City. The successful candidate should 
have a proven record of sustained externally funded research, scholarly 
activity, and leadership potential. The candidate will be expected 10 
participate in graduate and or undergraduat . fuculty men. 
torship, and work closely with the Dean on decision-m 
pertaining othe growth and development ofthe School. The School of 
Biological Sciences is positioning itselfto become a regional leader in 
thearcas of structural biology and molecularcell biology and welcomes. 
applications from qualified candidates in these research areas; however, 
outstanding scientists from all areas of basic life sciences research are 
-ouraged to apply. The successful candidate willreveivea competitive 
wonth salary, renovated research space, a start-up package com- 
nensurate with rank, and the availability of excellent research support 
facilities within the School of Biological Sciences. Candidates should 
have a Ph.D. degree and currently be in a tenured academic position 
atthe rank of Professor. 


Please dirvet all inquiries or nominations to Dr. Lawrence A. Dreyfus, 
Dean, School of Biological Sciences (dreyfuslit umke.edu). To spply 
please submit electronically (MS Word or pdf) a CY, a statement of 
present and future research interests, and the names and addresses of 3 
references to: dreyfusl@umke.edu. All materials will be handled with, 
slrict confidentiality, The position will remain open until fille. 


“Tianjin Biochip Corporation (TBC) The company iva SI0M organization 

with 100+ staff and located in Tianjin Economic and Development Area. Its 

Ibiochip arm is one of the five bases in China supported by the State 

Goverment. I is well equipped with state-of-the-ant genomics, proteomics 

and biochip platforms. THC has established its core technology of molecular 

{typing for pathogen identification and has acomprebensive IP portfolio with 

‘move than 80 granted patents. TBC also develops molecular biology reagents) 

[its and prosides sequencing, proteomics and biocip services 

Position available: 

1. VP, Business and Operation 

Reporting to CEO, the VP will: 

‘9 develop and implement corporate strategic business plan 

© promote company’s technology, products and services globally 

© he responsible for medium:to-long-term investment stralcgies to adress 
technology, skill and capital requirements 

penicemcin ante oprning Han epee devcepen 

'* be responsible for ISO!GMP compliant quality systems 

Minimum requirements: 

‘© PhD. in molecular biology or related fields, MBA isa plus 

© 10+ years experience ina biotech organization with S+ years management 

experience, 

Salary i in the range of $80-100K 

2. Chief Scientific Officer 

Reporting to CEO, this postion requires technical and managerial leadership 

and will: 

he responsible forall R&D and techni 

© develop the strategic direction of R&D 

* oversee product development and technology transfer 

* he responsible for setting continuows improvement goals for customer 

npeovement and other criteria of effectiveness 

Minimum requirements: 

* Ph.D in molecular biology, biochemistry, o relate fields, statistical and 
database management experience isa plus 

© 8+ years experience in a biotech organization 

Salary i in the range of $60-100K 


‘To Apply: Contact 86-22-66229588 _ Email: thehré ibiochip.com 


satisfaction, co 


UMKC 


Marion Merrell Dow Endowed Chair 
in Biological Sciences 


plications are invited for the Marion Merrell Dow Endowed Chair 
inBiological Sciences atthe School of Biological Sciences, University 
of Missouri-Kansas City. An outstanding scientist will be recruited 10 
gious position and lead a robust and dynamic research 
successful candidate will also participate in graduate 
‘and/or undergraduate teaching, faculty mentorship, and work closely 
with the Dean and the Head of Cell Biology and Biophysics on m: 
pertaining to the growth and development ofthe School. The School of 
Biological Sciences is positioning itself to become a regional leader in 
the areas of structural biology and molecular cell biology and welcomes 
applications from qualified candidates in these research areas; how ever, 
‘outstanding scientists from all areas of basic life sciences research are 
encouraged to apply. The Chaired Professorship is supported by an 
endowment currently exceeding $3 million, The successful candidate 
will aso receive a competitive 12-month salary, renovated research 
space, a star-up package commensurate with the prestige of this posi- 
tion, and the availability of excellent research support facilities within 
the School of Biological Sciences. Successful candidates should have 
a PhD. degree and currently be in a tenured academic position at the 
rank of Professor 


Please direct all inquiries or nominations to Dr. Lawrence A. Dreyfus, 
Dean, School of Biological Sciences (dreyfusl@ umke.edu). To ply, 
please submit electronically (MS Word or pd a CV. a statement of 
[present and future research interests and the names and addresses of 3 
references to: dreyfusl@/umke.edu, All materials will behandlesd with 
strict confidentiality, The position will remain open wil filled 


Where Cures Begin 


The Salk Institute for Biological Studies, a world class 
‘scientific environment and workplace located in La Jolla, CA, 
thas an immediate opening for the position of. 


Viral Vector Core Manager 


The successful candidate will establish and maintain a new 
viral vector core facility to provide custom vial vectors 
‘Supporting the work of participating scientists. The viral vector 
core manager will produce research-level viral vectors, 
including ‘lentivirus and adeno-associated. virus (AAV), 
‘Additional responsibilities include the supervision of technical 
‘staff assisting in the production of viral vectors, maintenance of 
plasmid libraries and cell ines, organization and maintenance. 


Requirements is BS/BA in Biology or related field (PhD 
preferred), 3+ years of thorough experience with molecular 
biology andlor virology, and experience in the production of 
replication incompetent viral vectors. Must also have expertise 
in cell culture, DNA sub-cioning and transient transfection. 
Excellent organizational, managerial and communication skis 
‘are required; experience in the production of AAV, lentivirus 
and/or HSV amplicon vectors using helper virus free systems 
preferred. 

‘The Salk Institute offers a highly stimulating intellectual 
environment and a very competitive salary and benefits 
‘program. Qualified individuals should reference job code: 9996 
and apply online at www-salk.edu, or email a resume or c.. to: 
comea@salk.edu. The Salk institute for Biological Studies, 
10010 N. Torrey Pines Road, La Jolla, CA 92037. EOE. 


[ull] SALK INSTITUTE 


FOR BIOLOGICAL STUDIES 


Department of Pharmacology 
and Toxicology 


The School of Medicine and Biomedical Sei- 
ences, University at Buffalo, The State Uni- 
versity of New York (UB), invitesnominations 

nd applications forthe position of Professor 
and Chair of the Department of Pharmacol: 
ogy and Toxicology. The new Chair will be 
expected to provide the scientific vision and 
direction fora major expansion of the Depart- 
ment. Ample resources, in the form of new 
faculty lines and startup packages are available 
{o implement this growth. 


The Department presently includes 14 
full-time, tenure-track faculty, and trains 
undergraduate, graduate and postdoctoral 
investigators, Modern, well-designed labo- 
ratory space is available, and renovation of 
additional research space in the Biomedical 
Sciences complex is scheduled to begin during 
the 2007 academic year. Cutting edgs research 
cores in the areas of genomics, proteomics, 
microscopy/imaging, macromolecular erystal- 
lization, and transgenic animals are in place 
nd open Wo all UB investigators 


The University at Buffalo is entering th 
second year of implementation ofthe UB2020 
strategie plan, Departments in the School of 
Medicine and Biomedical Sciences play major 
roles in the UB2020 strengths in Molecular 
Recognition in Biological Systems, Bioinfor- 
matics, and Health and Wellness across the 
Lifespan, and the new Chaie will be expected 
tw coordinate the Department’ activities with 
ne oF more of these strengths. In addition, 
diverse opportunities for collaboration exist 
atthe nearby Roswell Park Cancer Institute, 
the Hauptman-Woodward Medical Research 
Institute, and the New York Center for Bioin- 
formatics and Life Sciences. UB is the SUNY 
system's comprehensive campus, and the 
Health Sciences complex includes the Schools 
(of Dental Medicine, Pharmacy, Public Heath 


The successful candidate will have a Ph.D. 
MD. or equivalent degree, and a well-funded 
and internationally recognized program of 
research in the broadly defined area of Pharma- 
‘cology and/or Toxicology. In addition, strong 
leadership and administrative skills are essen- 
tial atributes, Beyond maintaining a stron 
research program, responsibilities ofthe Chair 

jlude administration of the Department and 
its teaching programs, as well as defining its 
scientific vision and overall directions 


Applications, in the form of a single paf file, 
should be addressed to Dr. Kenneth Blu- 
‘menthal, Chairman; Pharmacology Chair 
Search Committee, School of Medicine 
‘and Biomedical Sciences and submitted to 
www.ubjobs.buffalo.edu (posting number 
(0601468). Nominations or inquiries may be 
sent electronically tokblumen‘@ buffalo.edu 
Applications should Bereceivedby August 31, 
2007, to receive full consideration. 


The University at Buffalo is an Affirmative 
Action Equal Opportunity Employer. 


‘One ofthe oldest institations of higher education in this country, the 
University of Delaware today combines tradition and innovation, offering 


SITY OF students rich heritage along with the latest in instructional and research 
ELAWE Aeckeology. The University of Delaware is a Land-Grant, Sea-Grant, 
Urtue-Grant and Spoce-Grant institution with its nisin campus. in 


‘Newark, DE, located halfway between Washington, DC and New York 
(Gin. Please vist our wetnite at wwwande-edu. 


Jefferson Chair in Bioinformatics and 
Computational Biology 


‘The College of Arts and Sciences seeks an exceptional scholar within the elds of bioinformatics andlor 
‘computational biology to fill the Edward G. Jefferson Chair. The appointment will he made atthe rank 
ff full professor with tenure, The sucorssful candidate should have established an extensive 
cexicrlly-funded research program that has generated intemational recognition in the fields of 
bioinformatics or compotational biology. Scholars from all relevant disciplines will be considered. The 
Jefferson chair willbe expected to continue a high-quality independently funded research program while 
‘imultancously leading a multi-<dsciplinary bioinformatic/eomputational rescarch initiative comprised of 
{faculty from biology, chemistry Mbochemistry, chemical engineering. electrical and computer engineering, 
computer science, marine stadics, physics, mathematics, animal and food scinces, plant and soil sciences, 
‘nursing and health sciences. The Jefferson Chair will lead a “cluster” recruiting effort for additional 
junioe and mid-level faculty of appropriate disciplines within the bioinformatics and computational 
biology areas. 

‘The University of Delaware houses state-of the art facilities for bioinformatics in the BiolT Center at the 
Delaware Biotechnology Institute including a compute cluster, a database cluser, and an immersive 
‘visualization studio, along with multiple specialized servers and access to a variety of analysis tools for 
‘genomics, molecular modeling, statistics and biomedical imaging. Additional details are aailable under 
‘www dbiudeledu'core/bioinformfacilties html. 


[Nominations and applications should be sent to Dean Tom Apple, Chair of the Jefferson Chair Search 
Committee, 4 Kent Way, Newark. DE 19716, A complete application will include a letir of 
inerest, curriculum vita, a research plan, a statement of vision for the field of bioinformatics and 
‘computational biology and a list of atleast three references, with complete contact information. This 
position is open unt filled, 


‘The UNIVERSITY OF DELAWARE is an Equal Opportunity Employer which encs 
‘epplications from Minority Group Members and Women. 


U.S. Department of Energy 
Office of Science 
Deputy for Programs 
Announcement #SES-SC-HQ-013 (kd) 


‘The US. Department of Energy's (DOE) Office of Science is seeking highly qualified candidates 
‘with outstanding scientific achievements to fill the Deputy for Programs position, The Office of 
Science isthe single lagest supporter of basic research in the physical sciences in the United States, 
‘with a 2007 budget of $3.8 billion. It oversces the Nation's research programs in high-energ 
‘nuclear physics basic and fusion energy sciences, and biological, environmental and com 

sciences. The Office of Science is the Federal Government's largest single funder of materials 
and chemical sciences, and it supports unique and vital parts of U.S. research in climate chang 
geophysics, genomics, life sciences. and science education. The Office of Science also manag 
‘World-class laboratories and oversces the construction and operation of some of the Nation's 
advanced RAD user facilities, located at national laboratories and universities. These include particle 
and nuclear physics accelerators synchrotron light sources, nanoscale science research centers. 
neutron scattering facilities. bio-cnergy research centers, supercomputers and high-speed computer 
‘networks. More information on the Office of Science can be found at http:/seience.doe.gov 


‘The Deputy for Programs provides scicmtfic and management oversight ofthe six program offices 
by ensuring program activities are strategically conceived and executed; formulating and defend 
ing the Office of Science budget request: establishing policies, plans, and procedures related to 
the management of the program offices: ensuring the research portfolio is integrated across the 
program offices with other DOE program offices and other Federal agencies; and representing the 
‘organization and make commitments forthe Department in discussions and mectings with high-level 
goverment and private sector officials. The position is within the ranks ofthe U.S. govemment’s 
Senior Executive Service (SES); members of the SES serve in key positions just below the top 
Presidential appointees 


To apply for this position, please see the announcement and application instructions at http:// 
jobsearch. usajobs.opm.gov/ses.asp under the vacancy announcement of #SES-SC-HQ-013 (kd). 
‘Qualified candidates are asked to submit their online applications by August 29, 2007, 


Jareers 


nce C 


a 


Does your next career step 
need direction? 


| got the offer!'ve been 
dreaming of. 
With thousands ofjob postings, ad 
it's alot easierto track down a J 
coreer that suits me 


Now what? 


Iwant a career, 
notjust a job 


\ 


There’s only one place to go for career advice if you value the 
expertise of Science and the long experience of AAAS in supporting 
career advancement - ScienceCareers.org. The pages of Science 
and our website ScienceCareers.org offer: 


‘Thousands of ob postings _* Funding information 
+ Career advice articles and tools _ * Networking opportunities 


www.sciencecareers. org: 


5 
5 
2 
g 
3d 


Sciences (VCHS) and Dean of the School of Medicine 


Of the University of Califia (UC), San Diego 
(website: hiep://medicine.uesd.edu/) invite app 
‘tions ford eAUrET poston a Hie Professor kvl 


to serve as DEAN FOR SCIENTIFIC AFFAIRS 
for the Schools of Medicine and. Pharmacy and 
Pharmaceutical Sdences.Fickls of interest include, 
bout are not limited toy biochemistry, cll blogs 
enctics, medicine and the medial subspecies, 
Migubiclogy /mmundogy, molecular blogs, phar 
imacology, or physiolog” Applicants wich 3. Bread 
Ssicntie background and major sckcntii accomplish 
ments wil be given highest prionty. Applicants muse 
hhold Ph.D, and/or MLD, degyees and will be expected 
to wach and superise stidents, primaniy at the 
iradvate vel, conduct an extannally funded re 
Search program, and partispate ia. administrative 
Fictions of the Health Sciences icing help to 
ct educational and space policy involving the bio 
tedical afhies of the Schook, a in recruiting, leaders 
foe the School, advise the VCHS and Dear on 5 
etic mater aking, make recommendations to the 
graduate programs of the Schools of the Health 
SGences, chair a hoc and_ permanent commitecs 
dealing with the scktic afr of the Schools, and 
‘advice the ficult in funding, sien, anal scholarly 
Satis, Salary will be fase! on published UC pay 
Seales, Review of applications wil Begin Tuy 6, 2007, 
fan conduc unt position Fille. To app, send 
A deraikal resume, copies of seketed ret pul 
ications, and names and adress OF at Kast three 
fers to, Kenneth Kanshanshy, MLD. Helen 
. Ranney Profesor and Chair, Department 
Medisine (8811), University of California, San 
“402 Dickinson Stet, Suite 380, San Diego, 
CA9RO3-8811. UCSD tn pal Opjoronty/Aie 
imac Enplyr woh stg tintin oma 
tesa Bos erty 


CARDIAC ION CHANNELS RESEARCH 
The University of Wisconsin (UW-Madison Divi 
sion “of Cardiovascular Medicine seeks candidates 
with a Ph.D. in physiology, biophysies, or molecular 
(0 four years of postdoctoral « 
perience to join our collaborative research effoets in 
aspects of cellular and. molecular electrophysiology 
\singcaniac ion channels and cell signaling. This 
crure-track opportunity with the CAV School 
ine and Public Health at the ASSISTANT oF 
ASSOCIATE PROFESSOR level, depending on 
walitications, 
 Outwtanding diversity and quate sve to be 
enjoyed in. an academic medical center in a top 10 
rated city, To ensure full consideration, apply with a 
letter of tnterest and curriculum vitae tor 
Matthew R. Wolff, M.D. 
Chief, Division of Cardiovascular Medicine 
University of Wisconsin 
School of Medicine and Public Health 
600 Highland Avenue 
67/339 CSC (3248) 
Madison, WE 53792 
E-mails mew@ medicine wise.eds 
Website: heep//www.medicine.wiss.ed 


POSTDOCTORAL/STAFF SCIENTIST/ 
ASSISTANT PROFESSOR POSITIONS 


The Molecular and Interative Neuroniences De 
partment a te Scrpps Resarch Inacute ites a 
Paton for Powotoral/ Staff Scentse/Awerae 
Profesor postions inthe Tamas Bartfal and Brano 
Conti aboratorics in La Jolla, California, to si 
‘cmtalthermoregulation-encrgy mctabolam at the 
ise of warm eu aaron with ac 
iological techniques. Two'year saree are arable 
facial MOLECULAR BIOLOGIST, NEURO- 
ANATOMIST, or ELECTROPHYSIOLOGIST 
‘Appleants should send their comicofure sae, 4 
‘rtien anoemary of tile cosopicnens, aod the 
mal ales ofthe references toe alk bam 
sctipps.edu and email: tharti@scripps cls. 
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INSTITUT PASTEUR 


POSTDOCTORAL FELLOWSHIPS 
Institut Pasteur, Paris, France 
Founded in 1887 by Louis Pasteur and lo- 
cated in the heart of Pars, the Institut Pasteur 
is a workd-renowned private rescarch orgs 
nization. The Pasteur Foundation of New York 


is secking outstanding fellowship applicants 
Candidates may any bboratory within 
10 Departments: Cll Biology an Infection, De- 
velopmental Biology, Genomes and Gentics, 
Immunology, Infecnce and Epitemology, Mi 
renacnce, Parwitclogy ant My 

, Structuel Biology’ and Chemistry, and 

ogy. Sce website for detail. Annual pack 
age is $70,000 for thrce years. This is biannual 
‘all for applicants; sce website for deadlines. 


Ihutp://www.pasteurfoundation.org. 


FACULTY POSITION in PHYSIOLOGY and 
NEUROBIOLOGY 

The Deparment of Physiology and Neurobiology 
at the Unnersty of Connecticut, Storrs, invites ap 
plkation for 3 tenure-track fculty poution sate 
{hy fall 2008, at the ASSISTANT or ASSOCIATE. 
PROFESSOR level, The succesful candidate will 
be expected to mainain an independent and vig 
‘oroue rescarch program and partkipate tn the De 
frarment’s graduate and undergraduate teaching 
We encourage apphcations from indivauals ulin 
fundamental phrwologicl or neural peocewes at the 
molecular, cellulir, of systems level. Special cons 
ration will be ges to those emphasizing, mem: 
brane biology” Applicants mast possess 8D. and 
have completed at lest two Years of postdoctoral 
tnining Candidates for Awociate Professor are 
expected to have a currently funded and active re 
Search program. Review of candidates will begin on 
‘October 1, 2007, and the search wil continue unt 
the position is filled. Send curiculam vitae, a beet 
summary oF current research with a statement of 
research directions, a statement of teaching teres, 
fd the names of atleast thece references to: Chale, 
PNB Search Commitee, Univenity of Connecti= 
‘cut, Department of 
2.6. Box U-3156, 75 North 
‘CT 06269-3156, Website: http://www.pnb 
conned. 


WASHINGTON STATE UNIVERSITY 

RESEARCH ASSISTANT PROFESSOR 
suuly the role of chromatin structure art gee cx 
Freauon in DNA repuiin yet cl exact and ma 
Main ells (cDNA Repair 4888, 2008, . Bil 
Chem, 28040081, 2005, Nature Seractaral and 
Moteur Bintgry 13902, 2006), ad lp tans 
dents and. postdoctoral inthe brary Cand 
date should have» PhD. ba bochemtyy molar 
biology, oF related fk, atlas two yeas of post 
sfotoral traning an the aby to communicate 
Stier with stent ad olkeagcs. Send sate 
ment of incre, resume, and the names of thre 
‘rene De. Michad J. Selon, Boh 
Fiuy and Biophysics, ‘Molecular Bio: 
Sicncen: Washington State University, Pullman, 
WA "99164-4600 (email amerdon@wai.edu; 
{Wlephone: 509-338-6883; fax 509-355-9688). 
Scrcning of ppicatons wil begin Angus 1, 2007 
WSU ber Eyed Enloymct Cppatenty/ Abia 
Aan Edeter sod Emperor Patced poy mowko? ae 
some ae 


SITIONS OPEN 
‘TOXICOLOGY POSITION #2007001779 
The Department of Chemistry and Biochemistry 

at New Mexico State University (NMSU), Las Crue 

invites candidates with a Ph.D. and postdoctoral 

‘eapericnce in toxicology, biochemistry, chemistry 

sharmacology or related areas, to apply for a full 
ime, nine-month tenure-track position at the 

assistant professor level ieally beginning fill 2007, 

‘An appointment beginning a semester or so later i 

posible. The successful candidate is expected to de- 

Nelop a nationally recognized and externally funded 

(NIH, NSF, USDA, Department of Defense, etcetera) 

research program in_biochemical/molecular/bio- 

analytical toxicology, teach core courses at the un- 


grdane sdens in 
Candidancs wah expertic in fercte toxkology and 
fesearch areas that complement eaisting fculy i 
terest are encouraged to. apply. Appucants Must 
sult copics of undergraduate and graduate couse 
transcript curiulum vita, thee fers of refer 
nce, 2 brit descrpcion ‘of proposed research, & 
statenent of teaching philosopy and represenative 
teprias of pushed scare Fer more ormation 
fee website: hegps//wow.chemistry.nmst.ed/ 
‘Tocology neal ad applications to 
Dr. Glean D, Kuehn 
“Toxicology Foculey Scarch Committee 
New leaio Sate Unive 
Department of Chemistry and Biochemistry 
MSC 3C, P.O. Box 30001 
1178 N. Horseshoe Drive 
Las Craces, NM 88003-8001 
Review of applications will begin July 16, 2007, 
and wil continue untl the postion ‘a Bled, Nov 
Sic Su Uivly bt pad Enyleywent Oppo 
tuly/ABhmuatbe Actes Egloyor Mx at woe and 
tenes of al ala ei rg, ae ened 
Oe of empl coigen open 
Inline ghey for emplopment de Cle Si 
rain of eran ode, ib, and ei 
labore: NAESU fue land ut nd tei 
inahuiosrrapised by the Cana Fontan for ave 
tment of Tota « Dace esarh Unive Extn 


ASSISTANT PROFESSOR of CHEMISTRY/ 
BIOCHEMISTRY 


University. Full-time 


‘elated field required. Strong 
‘evidence of quality teaching and postdoctoral expe: 
Fience preferred, Teaching expectations. inch 
advanced chemistry and biochemistry course 
‘phasis on instrumentation and biochemical technique 
8s well as introductory chemistry courses to augment 
the integrative liberal arts core curriculum, ‘The 
successful candidate will support the Department's 
rowing Biochemistry Program through course de 
‘elopment, program asscswmient, and independent re 
scareh involings unslergeaduates. Applicants should 
send curiculum vita, transcripts, statements of tech 
ing philosophy, research interests, and three curre 
letters of recommendation to: John Toedt, Search. 
Chair, Department of Physical Sciences, 83 
Windham Street, Willimantic, CT 06226. Lstem 
Covnetint Sis Univesity isan Equal Oppotnity/AE 
Finan Aton Limpoye. 


A POSTDOCTORAL RESEARCH ASSOCI- 


tgnalling involved in the remodel 
fegulstion of calm channels in cardiac mvoxytes 
epee with angel vote amp techies 
is required and confoealthuorescence Microscopy 
Slsble, Send. curriculum vitae, names and 
dreses of thre references, and a brief statement 
fof rexcarch eapensnce and interests tor Dr. Stephen 
1, Lipsius, Department of Physiology, Loyola 
University Chicago, 2160. South First’ Avent 
Maywood, IL 60153. Fax: 708-216-2606, email 
slipsiu@lume-edu. 


wnw.sciencecareers.orq 


CONFERENCE 


HUPO 64 ANNUAL WORLD CONGRESS, SEOUL 2007 
October 6~10, 2007, COEX, Seoul, Korea 


eo \ 
*Keynce Leche 


 ecle ie tte ot Techy 2004 Nebel ae 


A Abacos for Molec Str ogy) 

Ft Rowe (Earpean Moca ogy bere) 

John ergeron 04 ery) 

dd. ela Daan Cate for Transat! Bret Cane Research) 
Stn Hou tan Urry of Caltoma Brey) 

chard Bek th Pu Nore tonal abort) 
ke eae Unvent ‘ 
thar len Qa ce of Teco, KO 

den Yates rpg Resear tte 


+ Stale ofthe At Lecturers 
S0contumed speaker inccing Ko Tanaka 
(Shimada Corp 2002 Nobel Laureate) 


Ain Sti ay regan 
wT: 


» aes Regent iy 3, 2007 
| Oni Regerton Ase Sumas: wee hapeO com 


Looking for 
(Career Advice?™ 


Find a wealth of information relevant to 
‘your current career and future employment 
decisions in the Science Career Features. 


UPCOMING FEATURES: 
‘August 10— Careers in Chemistry 
August 31— Postdoc Survey 

September 14—Faculty Positions 


Also available online at www.sciencecareers.org/businessfeatures 


aree! 
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POSITIONS OPEN 


The College of Sciences and Mathematics at 
‘Auburn University located. in Auburn, Alabama 
(website: http://www.aubum.edu/cosam). is 
secking candidates Tor the postion of POSTDOC- 
TORAL FELLOW in the sciences and mathe 
matics, From time to time, Postdoctoral positions 
become available under a varity of research grants 
and projects in the College. We are sccking appics 
tions from individuals with a Ph.D. in any one area 
such as: biology, chemistry, geology, geography, 
mathematics, statistics, physics, or rated fckls. Se 
lected candidates must ect eligibility requirements to 
workin the United Seater atthe time the ap 

scheduled t0 begin and must be able 2 communicate 
cffctivdy in Engl. The positions are avalide for a 
finimum of one year as full-time L2-month, with 
Fenewal porsible. Salary wil be commensurate ith 
‘education and experience, Review of applica 

will begin after July 1, 2007, and continue through: 
‘out the year a8 positions Become available. Please 
Senad curricuhum ‘vitae, a statement of research in 
teres, along with a lise of thie references and con: 
tact information to: Dr. Marie Wooten, Associate 
Dean for Research, College of Sciences and Math- 
‘matics, 315 Roosevelt Concourse, Auburn Uni- 
\ersity, AL 36849. E-mail: wootemw@auburn.cd 
fax: 334-844-5255, Minorities and aromen are en 
couraged to apply. Aibum Ui in Afoste 

tn ual Oppel 


Dade Behring has an 


‘onjugation 
‘synthesize bio-conjuga 
in vitro diagnostics, (2) Advance the knowledge base 
and competencies within group of organic and bio 
‘conjugation specialists, Patent novel procestes and 
compositions. (3) Work closely with and support 
developers of diagnostic assays to understand an 
help resolve technical problems. (4) Supervise and 
help advance the skils'of a supporting assistant 
associate chemist. (5) Report retults in waiting. and 
‘oral presentations, Qualified candidate will have: (1) 
Ph.D. in chemistry with strong background in. pro: 
tein chemistry and synthetic organic chemistry: (2) 
‘One to two years of experience in bio-conjugation. 
(3) Excellent communication skills, both writ 
‘oral, (4) Ability’ and. willingness to. work as tea 
member, (5) Familiarity with contemporary scientific 
Titerature inorganic and biochemistry. "This. job 
works with co ances. A criminal back 
ground check an ment Agency (DEA) 
required. ct the requirement 
position and would like to apply, send yo 
id cener letter with salary reyuirements tc 
‘systems@ dadebchring.com 
- Pleaw reference O7DE 


FACULTY POSITION 
Mucosal Immunology 

Food Animal Health Research Program, Ohio 
Agricultural Research and Development Center 
(OARDC), the Ohio State University (OSU), in 
‘Wooster, Ohio, seeks applications for one of several 
new faculty ponitions related to the OSU Targeted 
Investment in Excellence Program in Public Health 
Preparedness, This opportunity is at the ASSIST: 
ANT of ASSOCIATE PROFESSOR level, for 3 
research-intensive, tenure-track postion in. mucosal 
immunology with application to prcharvest foed safe 
ty. Candidates must have a D.V.ML., or equivalent 
degree, and/or Ph.D. degree and proven expertise 
in the conduct of hypothesy-driven research, current 
immunological methods, and knowledge of zoonot 
ie diseases desired. Please submit curriculum vitae, 3 
ment of research interests, and names of three 
feferences to: De. Jeffrey LeJeune, Faculty Search 
‘Chair, Food Animal Health Research Program, 
‘Ohio Agricultural Research and yment Cen” 
ter, 1680 Madison Avenue, Wooster, OH 44691; 


‘OSU ian Egil Oppernanty/Afiomave Aion Expioye 
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‘Applications are imvited for the position of 
CHAIR of the DEPARTMENT of BIOLOGY 
Jniversiy (Website: http://www. 
wml). The successful ca 
‘Sapandan cvolsing Department 
that playsa ey role inthe University. We are secking 
nationally recognized leaders who have an on-going. 
record of competitive research funding, The Biology 
Department has 28 faculty. Research interests in the 
Department are diverse and span the spectrum from, 
‘organismal to molecular studs. The successful can 
ddidate will complement these arcas or will bring his/ 
her own theme and cluster of key hires. We are 
‘specially interested in an individual who will foster 
and expand collaborative and interdscaphinary te 
‘search, Existing interdisciplinary initiatives include 
biotechnology, neurobiology, sensing and imaging, 
and nanotechnology, with participants from chemis 
ty and chemical biology, physics, engineering, and 
the College of Health Sciences, As part of the Un 
venity's Continuing growth as a rescarch institution, 
Northeastern i in the proces: of hiring 30 out 
standing faculty to pursue interdisciphnary research 
and teaching. A competitive startup package will be 
provides 
‘Mease send a Ketter of application, curriculum 
vine, and a bricf description of rescarch interests 
The cariest start date will be spring of 2008, and the 
search will consiwe unl the poriti is filled. Appl 
ms should be subsmitted electronically to e-mail; 
biojobs@neu.edu. 
‘Northern Uneasy san Egual Oppertaiy/Afiona 
tie Audion Employer. Candbdte fom troops tndemep 
sentel in ewe re peal ncounaged 6 appt 


USDA, Animal and Pant Health Ingestion Service 
(APHIS), Man Procecoen and Qaranane (PPQ) 
Raleigh, ‘North Carolin, is recruiting for a Senior 
Excautte Service (SES) ponition, DIRECTOR, 
CENTER for PLANT HEALTH SCIENCE and 
‘TECHNOLOGY. 
in this pontion, you will represent the Deputy 
Administrator with reponstaey for the ovcral 
nation, and diection of develop 
fer of technology used ia. APHIS 
lth programe, 
Tm ation, you will pride national leadership 
in developing and delvering new science and 
{echnclogy into operational program activites 
You wil ad a complcy and dere organization 
of professional cchnktal, and adminatrate staff 
mployccsasuigned to healgoartc and cig 
iahoratoric You must poms a degre in bokopial 
scien, aprile, natural rxource management, 
Chemis. or rated dsaplines appropiate to the 
positon, and must have’ superttoey/ managerial 
Expericnce which demonstrates th ably to preside 
Teiderhip to comple, svice-oncnte organi 
thom ands resources 


is $111,676 wo 


To! apply, contact Jocelyn White at telephone: 
202-720-3010 for information about the posi 
and instructions on how to apply 

Please reference vacancy announcement number 
APHISSES.07-02A, and note the dosing date of 
‘Apsil 16, 2007. Only complete applications received 
by the closing date will be accepted 


POSTDOCTORAL POSITION 2vailable sare 
{ng August 2007, ro asces impact of multiple fctors 
(decr, invasive cirthworms, invasive plants, imasve 
inverichrates) on demography of native forest plants 
Interest and eapericnce in plant-herbivore mania 
Iatons and plant demography desisble 

For further inguinics ot tn submit an electronic 
application (statement of research interests, carrics 
lum vitae, and names of three references) please con 
tact’ Dr. Bernd Blosey, Of Natural 
Resources, Comell University, Ithaca, NY 14853 
(e-mail: bb22@comell.cdu). 


POSTDOCTORAL POSITIONS 
Two postions avaible immediately formed on 
the inttactions offices vrscs with how cll 
Projet One involve structs /unction analy of 
the vil hemagplatiin. andthe. confonmatonal 
‘Ganges ang fon action for aan une, 
fed aman infucnea vets. Forth project rong 
trokaar tology ke are roped, combined witha 
Fackgrosnd Et biophysical proaches pron 
soeture The pope & anced wah the nevi 
‘abled Nasa aut of Alergy and Unecios 

DDhcats Centers of Eaclence fr lnc 
Troe Two imolesa characterization of the ig 
naling response controling ss endocton, with 

Saleh 


‘sional references, to: Dr. Gary Whittaker (e-mail 


7@comdedu), Departnent of Microbiology’ 
Sted Trumunology, Coral University College of 
Veterinary Medicine, Ithaca, NY 14853, 


POSTDOCTORAL OPPORTUNITY 
An exciting opportunity is available for a driven 

postdocoral candidate tO study novel aspe 

anti-viral innate immunity, interferon signaling, 


pathways and aalyzng the functions of novel genes 
ero and in vivo. The eal appcant wil be well 
trained in, molecular biology ‘eed mammalian cell 
‘lure techniques, have good communication ski, 
Sul pone at kast two frt-author papers in rp 
able joumals case sce the allowing publications 
examples of cur work: Journal af Imm neley 
H20:39, 3009, Nature 432(7018)101-5, 
Cancer Cell (S)L:51-68 2004, Ioomnity 
13q1:120-41, 2000, 
eae forward curriculum vite to: Siddharth 
Balachandran, Associate Member, Fox Chase Ci 
cer Center, 333 Conman Avenue, Philadlph 
PA 19111 or email: sidjbaachandran@feccedd 
Eg Opperaiy Empey 


AWARDS 


RANBAXY RESEARCH AWARDS 2006 

The last date for submitting nominations 
for Ranbaxy Rescarch Awards 2006 has been 
extended to 31 July 2007. Our new website: 
lhup:/ /www:ranbaxysciencefoundation.org. 


MARKETPLACE 


Free shipping for 20+ 
High throughput. Dir 
ing from bacteria, phage, genon 
DNA, PER products, hairpin, et 
18nd 8 wee ndabcon 


Oligo Labeling Reag 


© BHO'/CAL Fluor /Quasar’ Amidites 
 Amidites for 5' & Int. Modifications 
¥ Standard and Specialty Amidites 
BIOSEARCH © +1,800.GENOME1 
_wevew bt 


wonw.sciencecareers.orq 


Happy blotting 


Smile, and your blot smiles with you! A well-run Westem blot with a 


strong signal-to-noise ratio will put a smile on any researcher's 
face. We have ALL the products you need to achieve a happy 


Wester blot, including these superior substrates. 


* Pierce® ECL Substrate — the same performance as GE ECL for 


the price 


* SuperSignal® West Pico Substrate — always reliable results, the 


ideal substrate for daily use 


* SuperSignal West Dura Substrate — formulated for use with CCD 


cameras 
* SuperSignal Femto Substrate — true femtogram detection 


Visit www.thermo.com/pierce, email Pierce.CS@thermofisher.com 
or call 800-874-3723 or 815-968-0747 


100 fg 10 fg 1 fg 


True femtogram detection of IkBc using 
Thermo Scientific SuperSignal Femto 

Substrate. Serially diluted samples were run 
on Precise™ Precast Gels, transferred to PVDF 
mbrane and blocked with StartingBlock™ 


ffer. The blot 


in rabbit anti-lxBcx followed by incubation in 


t anti-rabbit HRP. The substrat 


CL-xPosure™ Film. For complete details visit 


Thermo 


Part of Thermo Fisher Scientific 


SCIENTIFIC 


FASY EAIRACTION, 


Eliminate steps. Enhance your cloning efficiency. All with the new E-Gel” CloneWell™ Gels, E-Gel” Base!” and 
E-Gel® Safe Imager™ Real-Time Transilluminator. tsotating DNA bands for cloning just got easier. Now you can retrieve DNA. 
bands separated by agarose gel electrophoresis directly from the ge! without slicing or additional purification steps. The extracted 
DNA is compatible with common cloning methods. It coukin't be safer or easier. See how at www.invitragen.com/clonewelll. 


éinvitrogen” 


(©2007 trogen Coperaton. A gts eared. Tes rosucts mayb cowed by ener more Lia Use Label Liees se tener cao ro west wire ntogencon) 


